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1l ntroducti on

The RH System&3 Humidity Generatois a system capable of continuphgyh-accuracyhumidity
generation over a wide range of humidity, temperature, and flow rate<G3ldesign isan RHS hybrid
two-pressure twdemperature systebmased on the fundamental tpeessure principle originally
developed by NISTThe basis of this principle and its original development are discussed below.

1.1 Background of Humidity Generation

In 1948 at the U.S. National Bureau of Standards (now the National Institute of Standards and

Technol ogy), E.R. Weaver and R. Riley devel oped a
humidity. Their method, termed thwo-pressure principlewas derived from measurements of

temperature and pressure rather than requinegsurements afater vapor.

Using their technique, air or some other gas saturated with water vapor at high pressure and then
expanded to a lower pressure. Whetiisdion and expansion were fiemed undeconstant
temperature contions, the resulting relative humidity of the gas was simply the ratio of the lower
pressure to the higher pressure (or at least very nearly).

Their equipment was designed for low rates of gas flow and was used under aembpEmature

conditions. Their saturator was a small cylinder containing water and filled with fragments of pumice or
streamwashed gravel through which the gas could be bubbled under pressure. This device was developed
primarily for the calibration of electrically cdactive hygroscopic films used in the measurement of

water vapor in gases.

In 1951, also at the National Bureau of Standatls,twaepressure principle was the foundation on which

A. WexlerandR.D. Danielsd evel oped aihmenw diiprye aapwrae afovus o wi t h hi
capability. Another significant improvement was the incorporation of temperature control. Developed

primarily for hygrometer research and calibration, it was capable of producing atnessphknown

relative humidity from 1@6RH to 98%RH overafairly wide temperature ranget0°C to +40 °C.

Wexleralso designed and constructed a-lmwnidity generator based on a method termedwite
temperature principleWith the twetemperature principle, a stream of air or other gas is saturated with
water vapor at a given temperature; then its temperature is raised to a specified higher value.

1.2 Two-temperature principle

In a twotemperature system, such as that shown in Fitjumestream of gas is saturated with respect to

the liquid or solid phase of water at a low temperature and then warmed isobarically to a higher
temperature for use. Measurements of the temperature and pressure of the cool, saturated gas stream, and
in thewarmer test chamber (or other point of use), are all that is required to determine the resulting

humidity content of the gas stream.

Ideally, a twetemperature system exhibits no significant pressure difference between the saturator and
chamber (or other point of use). Therefore, under ideal conditions, the dew point or frost point of the gas
is effectively equal to the saturation terrgdare and may be expressed by

Ty Ts forTs 0.01°C
Tio Ts forTs 0.01°C

whereTy is the dew point temperaturg,is the frost point temperature, aigs the saturation
temperature.
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Figure 16 Simplified schematic diagram of the twemperature principle whei = P,

Although dew point and frost point are easily approximated in edwgerature system by the above
equations, it is always best to measure the saturation and chamber pressures as well and then to treat the
generator computationally as a combined-pwessire, twetemperature system. For this reason, all

humidity equations present@dthe later parts of this documeare for combined twgressure, two

temperature systems. A tvtemperature system is a simplified implementation of the combined two
pressuretwo-temperature principle.

1.3 The RHS hybrid two-pressure, twetemperature principle

Regardl ess of a g e nmrassaute ortwdesnpecatura)stanipdratuceandipressure( t w o
components should always be taken into account. Even though the temperatures or the pressures are
ideally equal in a given generator design, temperature and pressure differences generally exist between
the saturator and chamber.

Hybrid generators that combine the features of thegressure and twiemperature principles exploit

the benefits of controlling temperature and pressure independently. In a hybrid generator, a stream of gas
at an elevated pressure is saturated witheedp the liquid or solid phase of water at a given saturation
temperature. Then the gas stream is expanded to a lower pressure and alternate temperature.
Measurements of the pressure and temperature of the saturated gas stream, both at saturagion and aft
expansion, are all that is required to determine the resulting humidity content of the gas stream.

In a hybrid generator, there are no ideal assumptions of pressarepmrature equality, &s the twe
temperature principle. Thus, there is no direct simplification that can be made regarding the ideal
humidity relationships between the dew or frost point temperature and saturation temperature, as with the
two-temperature principle.

Since computing power is generally not a limiting factor, it is always best to use the mathematics of
combined twepressure, twaemperature principles in determining all generated parameters.
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Figure 20 Simplified schematic diagram of the typoessure, twaemperature principle whefle TcandPs Pe.

1.4 G3 Design

The G3 as depicted in figure 8llows an overall design based on NIST two pressure and two

temperature principles. Utilizing these principles, a stream of gas at an elevated pressure is saturated with
respect to the liquid or solid phase of water at a given saturation temperataresdti@ration temperature

is the major determining factor for the quantity of water vapor admixed with the carrier gas. Pressure
within the saturator is the major determining factor for the carrier gas quantity of the mixture. The
humidified gas stream then expanded to a lower pressure and warmed to an alternate temperature.
Measurements of the pressure and temperature within the saturator, and the pressure and temperature
following expansion (generally at the DUT), are all that is required to deteth@mesulting humidity

content

The G3 receives an input gas (or carrier ga#s Gas Inlet connection on the rear panel. Gas is

mechanically regulated to a manually set pressure which is displayed on the mechanical pressure gauge P
and is also measured electronically on theérapressure sens®ai A mechanical ovepressure relief

valve protects from accidental over pressure above 200 psig. Gas flows through the pressure controller
which maintainsbased on its setpoird,downstream pressundgthin the saturator.

Depending on the mode, gas flows either through the Gen or Purge connection of the Gen/Purge valve,
through the saturator, and finally to the flow controller. The flow rate of the gas leaving the Gas Outlet on
the front panel is determined by the setpoirthe flow controller.

Saturator temperature is maintained by 8tiding coolers (not shown) on the top and bottom of the
saturator. Heaters ae also attached there. The coolers and heaters work in tandem to provide temperature
regulation of the saturator.

The saturator is a thermally controlled stacked plate unittitatboth as a heat exchanger to cool the
incoming gas to saturator temperature, and as a means tdlalawput gas to admix with water vagair
that same temperature

Saturation temperature controls the partial pressure of water vapor within the saturator. The gas pressure
controls the partial pressure of the background gas. The ratio of the two partial pressures (water vapor
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pressure to background gas pressure) determines the mixing ratio and ultimately the humidity content of
the exit gas.
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Figure 30 Pneumatiaiagram of theG3 two-pressure, twdemperaturesystem

The electronic controls provide for automatic humidity generation based on desired humidity setpoints.
The operator adjusts the desired exit flow rate setpoint and the desired dew point in the exit gas. The
embedded computer control provides the computatieeded to create the saturator temperature and
saturator pressure PID control setpoints to achieve the desired gas dewpoint and fldtiizatg.

appropriate mathematical algorithms within custom software programming, automated setpoint
determination is employed to achieve and maintain any humidity value desired within the range of
capability of the humidity generator. Although automatically deireechby the computer, the operator

may ovefride specific setpoints of temperature and pressure, allowing for customized testing
functionality. The operator also has full control over the exit flow rate setpoint. While not controlled, both
the temperaturand pressure of the gas stream at the DUT are monitored, and appropriate adjustments are
made to ensure the setpoints of saturator temperature and pressure are adjusted accordingly to maintain
steady humidity control at the DUT.

The G3 has anique design based t¢ime compact FPSC Stirling cooler units utilized for saturator
cooling. Typical outlet temperatures needed from the Stirling coolers are +10 °C to as16@ &S.

Uncertainty of the pressure measurements plays an important role in the accuracy of generated humidity.
The humidity in the outlet stream is based on the absolute outlet prasdorethe ratio of saturator to

outlet (DUT) pressure. In addition, when the saturator pressure is low and within the range of the lower
pressure sensor, tHmw rangesensor is utilized for both the saturator and test pressam$imeshared

basis. This timesharing of a single pressure transducer eliminates problems normally associated with
differences in zerdrift between separate transducers.
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The saturator input pressure is maintained to the desired value by the pressure controller. As there may be
a slight pressure drop as the gas passes through the saturator, the saturator pressure used within humidity
computations is measured by a pressaresar nearest the saturator exhaust. Differences between the
controlled saturator inlet pressure and the resulting saturator outlet prssiged to adjust the

saturator inlet pressure setpointtampensatéor the pressure drop. This ensures the saturator pressure
nearest the saturator outlet reaches desired saturator pressure setpoint.

Uncertainty of the saturator temperature measurement is very important to the humidity in the exit gas
stream. All generated humidity parameters such as dew point and frost point temperature are dependent
on saturator temperature, while other values saRelative Humidity are dependatéoon

temperature of the gas at the DUT. In the case where both the saturator and DUT temperatures are
required, uncertainty of both temperatures must be considered.

Free
Piston
Stirling
Cooler

[ H H H H | Vacuum

Chamber
Upper g || e

Thermometer, Tsu

Lower i g
Thermometer, Tsl I
Heater—"" i Saturator
[ \ \ |
||
Free
Piston
Stirling
Cooler

Figure 40 Thermaldiagram of th&s3 two-pressure, twdemperaturesystem

Saturator temperature is maintained by control of the Stirling coolers attached to the inlet and outlet plates
of the saturator, and by heaters attached in the same locatidepicted in figure.4 he coolers and
heaters work inandemto produce stable temperatures athithe saturator inlet and oeitl

The vacuum chamber surrounding the saturator and other components serves tiamaaisolator
for the saturator, and as a bartieprevent permeation of water vapor into the gas stream.
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1.5 Common Defining Equations

The following equations of R. Hardy for saturation vapor pressure, enhancement factor, and temperature
(from saturation vapor pressure) are common and fundamental to most of the humidity calculations
presented here.

1.5.1 Saturation Vapor Pressurever Water

Saturation vapor pressure owegiterat a given ITS0 temperature in the rang&00 °C to +100 °C is
defined by the formula

Q QOB QY QadY (1)

where  eis the saturation vapor pressune fascals) over liquid water in the pure phase
T is the temperature inédvin

and go= 12.8365744-19
g.= 16.028076559-10
G3= 1.954263612-10
g = 12.737830188-19
wu= 1.6261698-16
gs= 7.0229056-10°
gs= i1.8680009-103
g7= 2.7150305

1.5.2 Saturation Vapor Pressure over Ice

Saturation vapor pressure oveg at a given ITS0 temperature in the rang&00 °C to 0.0FC is
defined by the formula

Q QB QY  Qaégy )

where  eis the saturation vapor pressurePascals) over ice in the pure phase
T is the temperature inévin

and ko= 15.8666426-19®
ki= 2.232870244-10
k.= 1.39387003-1G
ks= 13.4262402:10
ks= 2.7040955-1¢
ks= 6.7063522-10
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1.5.3 Enhancement Factor

The Aeffectived saturation vapor pressure over wa
ideal saturation vapor pressures given in Equations 1 and 2. The effective saturation vapor pressure is
related to the ideal by

® = elLa (3)

where ¢€éi s the fAeffectived saturation vapor pressur e
eis the ideal saturation vapor pressure (as given in Equation 1 or 2)

and ais the enhancement factor

The enhancement factor, for an air and waggyor mixture, is determined at a given tempemand
pressure from the formula

a Qofpp - 1 - p 4)
with | B &Y (5)
and I QwB ®"Y (6)

where P s the total pressure in the same unite as
T is temperature iKelvin
and a;, b depend on temperature range and are given as

for water:
223.15 Kt0 273.15Ki60°Cto 0 °C) 273.15Kt0373.15K (0°Cto 100 °C)

ao= 15.5898101-1¢
ai= 6.7140389-10
a= 12.7492721-10
as= 3.8268958-10

bo= 18.1985393:10
by= 5.8230823-10
b, = 11.6340527-10
bs= 1.6725084-10

ao= 11.6302041-10¢
a= 1.8071570-1CG
a = 16.7703064-10
as= 8.5813609-10

bo= 15.9890467-10
by= 3.4378043-10
b= 17.7326396-10
bs= 6.3405286-10

forice:
173.15t0 223.15 Ki@l00 °C toi 50 °C) 223.151t0 273.15 Ki60 °C to 0°C)

apr= 17.4712663-1G ap= 17.1044201-1G
ap= 9.5972907-10 a;= 8.6786223-10
ax= 174.1935419-16¢ ax= 173.5912529-1¢
az= 6.2038841-10 az= 5.0194210-10
bo= 71.0385289-19 bo= -8.2308868-1b
b.= 8.5753626-10 b= 5.6519110-16G
b,= 12.8578612-1CG b, = 11.5304505-1CG
bs= 3.5499292-1C¢ bs= 1.5395086-1C¢

Document: G3 Manual

Pagel2 of 87



1.5.4 Temperature from Saturation Vapor Pressure

Equations 1 and 2 are easily solved for saturation vapor pressure over water or ice for a given saturation
temperature. However, if vapor pressure is known and temperature is the unknown desired quantity, the
solution immediately becomes complicated angtine solved by itetin. For ease of computation, the
following inverse equation is provided. This equation is generally used to find the dew point or frost point
temperature when the vapor pressure of a gas has been determined. When vapor pressurelisek

the water coefficients to obtain the dew point and use the ice coefficients to obtain the frost point.

B

Y oo )

where Tis the temperature in kelvin
and eis the saturation vapor pressure in pascals

with coefficients

for water: for ice:
co= 2.0798233-19 Co= 2.1257969-19

c1= 12.0156028-1b
;= 4.6778925-10
c3= 19.2288067-10

do: 1

di = 71.3319669-1G
d= 5.6577518-1G
ds= 17.5172865-1C

c1= 11.0264612-19
Cc2= 1.4354796-16G
cz= O

do = 1

d.= 78.2871619-1¢
d= 2.3540411-1G
ds= 12.4363951-1G

1.6 Humidity Equations

The following equations are used in B8to calculatevarious humidity parameters. These equations are
not approximations, but rather account for the temperature differences between the saturator and chamber,
and the noideal behavior of water vapor when admixed with air or other gases.

1.6.1 Relative Humidity

Percent relative humidity is the ratio of thimount of water vapor in a gas to the maximum amount
possibleat the same temperature and pressure. Feptessure, twademperature systems, it is defined
by the equation

. N
YO —tgfp (8)
which thenexpands to
YO —t—t—tpnm 9)

where P. is the absolute chamber pressure

Ps is the absolute saturation pressure
& is the enhancement factor at chamber temperature and pressure
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&s is the enhancement factor at saturator temperature and pressure
€. is the saturation vapor pressure at chamber temperature

and s is the saturation vapor pressure at saturator temperature

1.6.2 Dew Point Temperature

Dew point temperature is the temperature to which a gas must be cooled to initiate condensing water
vapor in the form of denote that dew point temperature can exist above or beloyv @W&w point
temperature is obtained with the following iterative steps.

a. Make an educated guess at the dew or frost point enhancemen¥atetting¥; = 1 is a
suitable first guess.
b. Next, compute the dew or frost point vapor pressure of the gas with the formula
Q Qi-i- (10
c. Use the dew or frost point vapor presseirdetermined in the previous step, along with Equation

7 for water, to comput€. Call this value the dew point temperatilire

d. Use the dew point temperaturg chamber pressuf, and Equation 4 for water to compute the
dew or frost point enhancement fac¥ar

e. Converge to the proper dew point temperalurby repeating steps b through d several times, as
necessary.

1.6.3 Frost Point Temperature

Frost point temperature is the temperature to which a gas must be cooled to begin condensing water vapor
in the form of frost or ice. Frost point exists only at temperatures below freezing. Frost point is obtained
with the following iterative steps.

a. Make an educated guess at the dew or frost point enhancemen¥faSetting¥; = 1 is a
suitable first guess.

b. Next, compute the dew or frost point vapor pressure of the gas with the formula
Q Qili- (11)
c. Use the dew or frost point vapor presseydetermined in the previous step, along with Equation

7 for ice, to comput&. Call this value the frost point temperatire

d. Use the frost point temperatufg chamber pressuf, and Equation 4 for ice to compute the
dew or frost point enhancement factar
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e. Converge to the proper frost point temperafiréy repeating steps b through d several times, as
necessary.

1.6.4 Vapor Concentration, PPMv

Vaporconcentration, traditionally referred to as parts per million by volume {jpjsra ratio relating the
number of moles of water vapor to the number of moléseofemaining constiants in the gas (the dry
gas component). Once established by the following formula, the vapor concentration is insensitive to
further changes in pressure or temperature, provided there is no subsequent condensation.

vapor concentration% Op 1 mmol/mol (12

1.6.5 Vapor Concentration, PPBv

Vaporconcentration, traditionally referred to as partskpiion by volume (ppb), is a ratio relating the
number of moles of water vapor to the number of moles of the remaining cemistiiio the gas (the dry
gas component). Once established by the following formula, the vapor concentration is insensitive to
further changes in presre or temperature, provided there is no subsequent condensation.

vapor concentration

5 Op 1 nmol/mol (13

1.6.6 Humidity Ratio

Humidity ratiow is defined as the mass of water vapor to the mass of the dry gas; it is computed
with the formula

6 —5 dlg (14
where My is the molecular weight of water vapor, 18.02
My is the molecular weight of the carrier gas (28.9645 for air).

Humidity ratio may also be computed and expressed in grams per kilogram and micrograms per gram.
When expressed in micrograms per gram, humidity ratio is traditionally referred to in parts per million by
weight (ppm).

1.6.7 Absolute Humidity

Absolute humidityd, is defined as the mass of water vapor to the unit volume of humidified gas and is
computed with the formula
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where Ris the molar gas constanB&472

1.6.8 Specific Humidity

Specific humidityg is defined as the mass of the water vapor to the total mass of the gas mixture and is
computed with the formula

n 5 55 99 (16)
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2System I denti fication an

The RH Systems G3 Humidity Generator is comprised of multiple components that work in conjunction
to generate accurate humidity in a carrier gas. The locatiofuaaiibn ofthese major componerdase
discussed below.

2.1 Front panel

Power switch, fill port, temp probe connections, ambient pressure measurement port, and gas outlet
connections are all contained on the G3 front panel.
B 8

2.2 Computer, Monitor, Keyboard, and expansion ports for USB
and RS232 connections

The G3 Systermomes witha builtin VESA mountPC The PC idnternally mounted within the rear of
the G3(or on the back athe monitor) The PC runs RHS Control software whicluged for G3 control
and data collection.

The interface is optimized for a touch screen experience which is providedtbut¢hecreemonitor.
The monitor is mounted to a swing aoumorvefsi ch may b

In the standard configuration, all required electrical connections to the mguteef USB, andHDMI)
are provided through a monitor connection panel at the upper left rear side of the G3.

Although not requiredor operation some may prefer physical keyboardnd mousevhich may be
connected via USBA wireless keyboard/mouse combination is included with the system and contains the
mating USB wireless adapter.

An I/O panel is located near the front left of the G3 and provides multip3R&nd USB ports. These
I/O ports connect to the PC and are useful for connectianagssories and/or measurement instruments
On some earlier generation systems,@flepanelis made oexternally mountedRS232 and USB
adapters.

Left side panel
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2.3 Inside view, cover panels removed

Frontview without panel Right view without panel
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2.4 Major System Components
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Humidity Generator Support Frame

2a

Top Free Piston Stirling Cooler

2b

Bottom Free Piston Stirling Cooler

Vacuum Chamber

Saturator (Plate Stagkssembly)

Saturator Pressure Controller Valve

Saturator Exit Gas Flow Controller Valve

Vacuum pump

Vacuum chamber wall

Top Vacuum Flange Part A

10

Top Vacuum Flange Part B

11

Bottom Vacuum Flange

12

Generaté& Purge- 3 Way Valve

13

Gas Inlet Pressure Regulator Assembly

14

Pressure Sensor Manifold Assembly

Document:

G3 Manual

Page20 of 87

4/26/2024



Sl nstall ati on

3.1 Facility Requirements

Prior tothe arrivalof your G3instrument, preparations should be made to ensure you have the proper
facilities available at the desired instrument location. GBevill require the following for initial
connection and continuous service.

3.1.1 Power
100-240 VAC, single phase, 15A, 50/60 Hihe system uses a standard local power plug.

3.1.2 Compressed Gas Supply
Supply gas should meet the following specifications:
Supply pressute approximately35 to 50 psi 50 kPao 1.7 MPa), regulated prior to the3

Flow rate up to 10 I/min (depending on model) while maintaining regulated pressure
Pressure dew point -95°C or lower when measured at the inlet pressure

Oil-free: No mist or oil vapors

Connection I 0 VCR f i t ttdSwageldk tubeditingavailable)

Recommend gas supply mayd&hieved via gas outlet fronm &l gas cylinder othed @&U s eullet
from aliquid N, Dewar.

3.1.3 Distilled Water

Initial supply. ~1liter of distilled water
Connection 1 0 Swageloak 1foi tViCiIRndg i tti ng (adapters avail al

aggressive tatainless steel and other metatgl may cause pitting of the saturaffine G3 requires
enough distilled watef<100 mL)for its initial fill of the presaturator, then a small @oing supply

:E Use distilled water only.Use of deionized water is not recommended as it tends to be chemically
for continuoushumidity generation.

3.1.4 Floor Space

The G3 requires a floor space of approximately 1.5 m x 2 m. This allows adequate space to the sides and
rear of the unit for operation, service, and utility connectidriie G3 is supplied on rolling casters for

ease of positioninglhe casters have integral leveling feet. Once rolled to position, the feet may be

lowered to fix the position and level the instrumiémeeded
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3.2 Uncrating

The G3 is shipped in a padded wooden shipping contdiherfront door doubles as a rampémove
the G3 more easilifom the crate. The G3 casters allow it to be rolled out of the crate, down the ramp,
and onto the flooilUse at least 2 people while uncrating the G3.

1. Position the craten an open areasing a pallet jack or
forklift .

2. Leave roonmat the front (about 3 meters minimdar the
front door to lower downward and the G3 to be removed
from the crate).

3. Cut the banding straps from around thate.
Unhookthe metallatches near the top of tieor.

Lower the door. Ibecomes a ramp.
Remove the foam pieces attached to the ramp.

Remove the square foam pidostween th&3 top and the
cratebs shel f.

8. Pulling first from the G3 bottom, slide the G3 out from the \
crate. \

9. Roll it carefully down anaff the ramp. Use caution at the
bottom of the ramp so the G3 does not drop quickly to the
ground.

10. Roll the system to the desir&mtation.

11. Remove all packages and components stored in the upps
compartment of the crate. These packages are accessor
components needed for initial installation suclhas
computer, monitor, power supplies, and power cords.

Document: G3 Manual 4/26/2024

Page22 of 87



3.3 Install Monitor (and keyboard/mouse if desired)

After uncrating the instrument and positioning it roughly where it will operate, instatidéhéorand
associated parts.

Monitor with mounting arm and
cables (power, USB, HDMI)

Manual

Cal Certs
Temp probes
USB stick

Keyboard &

mouse
Monitor
mounting
pole with
screws

Main power

cable

2285y
., ‘g

&M i

3

S$A-WVCR6-400 VCR to Swagelok tube adapterpigtes)
S$4-VCR3-4TA VCR to Swagelok port adapter (1 piece) Syringe and tube for
NI-4-VCR2 sealing gasket (10 pieces) saturator fill procedure

1. Start by installing
monitormouning pole |
on the left rear corner of
the instrument using the
four suppliedscrews.
Mounting holes are
provided on each cornet
for flexibility , but the
suggested mounting
location is the left rear
corner.

2. Slide the mounting end
of the monitor arm over
the top of the mounting
pole and slide the arm
downover the pole.

Document: G3 Manual 4/26/2024

Page23of 87



3. Plug the Power, USB,
and HDMI monitor
cablesinto theirmating
connectors on the G3
Monitor Panel.

4. Remove the wireless
keyboard and mouse
dongle from the inside of
the mouse and plug it
into one of the available
USB portson the G3
Monitor Panel.

5. Turn the mouse and the keyboard(tieir switches are generally found underneath them).

3.4 Remove front, back, and side panels

The system has removable panels allowing access to internal components.

1. Press the black button. gpringloadedknob pops out.

2. Twist the knolthenpull to remove the panels.

Note: Some earlier models use thumbscrews rather than spring loaded knobs.
Remove the 4 thumb screws to remove the panel.

3.5 Unlocking Vacuum Pump

The vacuum pump has been locked dowrtrimmsportationPrior to
operation, the locking nuts must be undone.

1. Using a 5/1606 or 8mm wrench, | oosen
and lock it in the upward position against the top of the screw.
However, do not remove the screw. This allows the bar to ride

freely ontop ofthe spring.

2. There is an identical nut on the opposite side of the pump. Loog§
and lockthatnut in the exact same manner.
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3.6

Removing Shipping Bracket

There is a bracket installed above the vacuum chamber with a label:
ASHIPPING SUPPORT BRACKET i REMOVE BEFORE OPERATION 0

Remove the 2 screws and any associated splaesveerthe bracket tohe upper Stirling cooler
using a 1/80 or 3mm hex key.

a. The screw on the right side of the Stirling cooler is hidden by a ldag&/graystriped
hoseconnected to the Stirling fan. Unplug this hose from the fan outlet fitliagcess
the screwRemember to reinstall the hose after removing the screw from the support
bracket.

3. Using a 6 mm hex keyemove the 4 screws at the back of the shipping braRketovethe

bracket from the G3.

4. Save the bracket, screws, and washers for future shipping of the G3.
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3.7 Back PanelGasConnections

1. Connect a short tube or hose to Yhent connector. Place a small tray under the tube to catch
occasional water droplets. Alternatively, you may run a tube to a floor #@R.gaskets and a
VCR t®wagel ok adapter have been provided for c

AR

Back panel NIVCR4 SSWVCRB-400

To properly make VCR connections:

U Install VCR gasket, NVCR-4
U Finger tighten the VCR nut onto the threaded gland at the back panel
0 Using a 13O0 or 19mm wrlBwromh, tighten the

3.8 Adjusting PressureRegulator

Turn on your gas supply and set the regulator for an indicated value betvwy *
about 30 and 100 pahen setting the regulator, it is best to set it to a valu:
lower than your incoming pressure. For example, if you have only 50 psi
input pressure, try setting the regulatorhigher than about 45 psi. This
ensures the G3 has enougradroonto properly regulate the incoming gas. g "5_.._,,, oA W8

:)
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3.9 Leveling Vacuum Chamber

A reference bubblkevelis applied to the top of theacuum
chamber.Each caster wheeh the bottom of the G3 has &
rotating knolkthat lowersan adjustable paahto the ground
for leveling purposesf more than % of thbubblelies
outside the center ringdjust the leveling pads on the
casers to bring it back into level so the bubble is close to
center.
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3.10 Checking Vacuum Chamber Supports

Prior to initial operation, the vacuum chamber support bars
should be checked for propadjustment. Inspect the 8
adjustable support bars around the outside of the vacuum
chamber. Ensure they have not vibrated loose during shipp
If they are looseor have fallen oyensure they are properly i
place and . OOSELY adjustthemwith FINGERS ONLY by
rotating themuntil theyJUST TOUCHboth top and bottom of
the vacium chamberThey will becomeight once the vacuum
chambeiis evacuated.

The systengenerallyarriveswith at least inHg
vacuum. Ifthesystem arrived with insufficient
vacuum, please contact RH Systems for further
instructions before proceeding.

3.11 ConnectingA/C Power

1. Using the supplied C13 power cable (or one
back panePowerreceptacle. Plug the other end into your AC power source. AC power
requirements are identified 811.1

2. The switch in the power receptacle is an emarent circuit breaker for safety. Prior to operation,

this circuit breaker must be turned ON. To do so, toggle it tb plodtion. This makes the AC

circuit inside the system live, but the G3 will not fully energize until the main power switch on
the front panel is also enabled.

Proper grounding is importafar safe operation of the G3. Please ensure that the earth connection
of your AC power source is sound.
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4Qui ck Start

Before proceeding, ensure that the system has already been connected and prepared as outlined
é:s in section3.

4.1 Power On

1. Ensure the main circuit breaker switch at the back panel is turned on.

2. Press the@ switchon thefront panel. The switch willluminate,and the system will
energize.

The PC and monitor will start up, load Windows, and4u® u n ¢ h RHB €ont@®B & s
program.

4.2 Introduction to RHS Control

RHS Control is a PC program (available on Windows and Linux) which allfmveperaton ofthe G3

system. Operation may be manual, through direct entry of desired setpoints, or automatically, through a
series of preprogrammed, user selectable setpoints and times. The short sequence that follows will guide
you quickly through a successful frgeiint generating session.

4.2.1 Connection Window

RHS The connection window automatically S benee 12 ot 18 .
— | appears when RHS Control is launchéd. Autodetect | Nanal
— | the RHS Control program did not atlad, | ™=

initiate RHS Control by doubleclicking its I G3 1808005 Com4 I
icon. The program loads and presents you with a A
Devices connectiowindow. /

It scans initially for any connectettvicesand shows
them in a list. Find the G3 in the list and double click
to connectlf the G3 was the only device in the list, th
window will automatically close.

The supplied G3nonitoris a touch screen. You may

use a mouse tpoint andclick, or you may touch the Jeol v
screen location with your finger. Either method is val
If the Connection window is still open after connectin [~ —> X

to the G3, close the window using the Clbsiton
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4.2.2 Control Window

Once the G3 is connecteat control % 3 7 G3G300001 5 O E
window appears. From this window, it is R COM1E
possible to enter various setpoints of Setpoint Actual

humidity, pressure, temperatuesd flow [FP] Frost Point - 10,000 o

as well aenable/disable vacuum and

cooling functions. It also allows ffo [Tsu] Sat Temp Upper 10.000 24,050 C
operation modes dbenerate Purge Fill, [Tsl] Sat Temp Lower 9, 5000 24,110 oC
andVent Thisis the main window used 10| (uq) satration Pressure | 14,504 14.504 -
interact with the G3. _
[F1] Flow Rate 1 0,00 0.00 |fmin
[FZ] Flow Rate 2 0.00 0.00 |/rmin
[F3] Flow Rate 3 0.00 0.00 |/rnin
Vacuum | Cooling |
I Generate Purge I Fill I Vent I

umidity Control Mode Frost Point

4.3 Initialize Vacuum

Prior to cooling the saturator, it is important that its surrounding chamber be evacuated. Evacuation
removes water vapor from around the saturatoiprovides for a high degree of thermal isolation. Both
are highly desirable benefits/requirements for proper humidity generation.

T G3G300001
To initiate the vacuum sequence, press th X & B coms ¢ 0=

Vacuumbutton. The vacuum pump will R Actual
start (youdl !l | i kel| [FpFrostpoint ~ [0.0000 -10.000 oC
pumpingivhirring sound). The Vacuum
button will also depress as shown within a| [Tsu] Sat Temp Upper 10.000 24.050 <
few seconds to indicate that the action wal| [Tsl] 5at Temp Lower 9,5000 24,110 °C
taken. [Ps] Saturation Pressure | 14.504 14,504 psi
[F1] Flow Rate 1 0,70 0.00 [ frmin
[FZ] Flow Rate 2 0.00 0.00 [ /min
[FILEswiaEs 10,00 0.00 |jmin
| Vacuum Cooling
[ Generate Purge I Fill I Vent
umidity Control Mode Frost Point

The mechanical vacuum gauge, located on the top front of the
vacuum chamber, should begin to indiddte presencef

vacuum (the needle will begin moving counterclockwise
toward the 30 inHg dial position).
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4.4 Purge

If you are following this Quick Start procedure, the system has likely been off for at least a short period of
hours, dayspr more. In this case, the internal gas path is possibly wet and requires a drying out period
before suitable results may be generated. To assist in this dry out, the system may be operated in a Purge
mode. Purge mode allows dry input gas to bypass theasat and dry the components and tubing

following the saturator. It will also purge any instruments that are connected to any of the three output
ports. Purging the tubing, connections, and instruments following the saturator removes unwanted water,
wate vapor, and condensation that could adversely affect the generated or measured humidity. Before
initial humidity generation, or before cooling the saturgtarge theG3.

T G3G300001
a) Using thedrop-downselector as X O o B0\
shown, slect[FP]Frost Pointas Setpoint Actual
the humidity control mode. [FF] Frost Paint »||-10.000 24,120 oC
FP] Frost Point
OF] D Point 10,000 24,050 oC
[PPMv] Volume Ratio 93,5000 24,110 °C
[PPMw] Mass Ratio )
[Ps] Saturation Pressure 14,504 14,504 [£=]
[F1] Flaw Rate 1 0,00 0.00 | frnin
ME71 Elris Data 7 monn m an | freie
b) Enter aFrost Pointsetpoint value
) > Poinsetp | % 3 [ G63G300001 & 0 F
of 0 °C.The field is bordered in COM18
redduring entry. Pressing ENTER Setpoint Actual
causes the field to border in [FP] Frost Point - D 24,120 .
momentarily while the
data is validated and sent to the | [Tsu] Sat Temp Upper 10.000 24.050 °C
G3. The new setpoint will update | [Ts]] 5at Temp Lower 9.5000 24,110 °C
within a few secondence read [Ps] Saturation Pressure | 14.504 14,504 psi
back from the control system. _
[F1] Flow Rate 1 0.00 0.00 [ /min
[FZ] Flow Rate 2 0,00 0.00 [ /min
[F3] Flow Rate 3 0.00 0.00 [ fmin
Wam nim I Crnlinn I

c) Removecovers from the Gas /
Ouitlet fittings located at the uppe
right corner of the G3. Connect
test devices to these ports if
desired. Note the picture has
devices connected to ports 1 and
which correspond télow Rate 1
andFlow Rate 3f the Control
Window. Since purge flow also
passes through these ports and
through any connecteagkvicesit
might be best to wait until the system has been purging for a while before connecting other
instrumentation.
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d) On the Control Window,et flow eym—
rates for each of thgas outlets X »x @ s T B0 H
While purging, flow rates between Setpaint Actual
0.2 and 10I/min aregenerally o1 Erost Pont < [5.0000 24120 o
considered reasonable. [FP] Frost Poin : '
[Tsu] Sat Temp Lipper 10,000 24,050 oC
[T=l] Sat Temp Lower 9, 5000 24.110 °C
[Ps] Saturation Pressure | 14,504 14,504 psi
[F1] Flow Rate 1 | 2,00 |fmin
[FZ] Flow Rate 2 |III.IZIIII 000 | frnin
[F3] Flow Rate 3 l0.00 15,00 |fmin
e) Ensure ‘the System is in Purge LI n.'lJ PR FRRE RN S L LI | F oL L ledWd 1 '.h.'ll.
mode (the Purge button is presse [F1 Flow Rate 1 0.70 0.00 |fmin
in). If it is Generate mode, press | [FZ] Flow Rate 2 0.25 0.00 |fmin
the Purgebutton to switch it to [F3] Flow Rate 3 1.00 0.00 |fmin
Purge mode.
Vacuum Coaling
Generate Purge Fill Vent
Humidity Control Mode Frost Point
. LI n.'lj PR FRREI RN S L LW ) L ST ) A Ledut 1 |.h.'ll
f) Press th&€oolingbutton toenable ,
[F1] Flow Rate 1 0,70 0,00 [fmin
saturator temperature control. _
Cooling function requires adequat| [F2 Flow Rate 2 0.25 0.00 |fmin
vacuum (to a level below HEpsi) | [F3] Flow Rate 3 1.00 lln oo HLimin
before the Stirling coolensill
begin tooperate. Theninimum Vacuum Cooling
level of vacuunrequiredis
generally achieved in less than 30|  Generate Purge Fill Vent
minutes.
Humidity Control Mode Frost Point
g) After running for a few hours, w ¥ pp G3G300001 5 B E
. . AK
change the Frost Point setpoint to COM1E _
lower value, such a$0 °C to Setpaint Actual
allow the saturator to cool a_lnd [FF] Frost Point - 0.01000 B
cause the water to free2¢dotice
that the Upper and Lower Sat [TSLI] Sat Temp Upper 10,000 24.050 °C
Temperature setpoints compute | [Tsl] Sat Temp Lower 9.5000 24,110 °C
automatically. [Ps] Saturation Pressure 34.275 34.275 psi
[F1] Flow Rate 1 0,70 0.00 [ fmnin
IE7 Elrws D=ta 7 [ 1~ N | frvirs
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4.5

Generate

After allowing adequate purdene of approximatelyl hour or morethe system should be nearly ready
to generatelf devices connected to the gas outlet ports are showing humidity reading above the current
setpoint value while the G3 is in PURGE mode, additional purge time is likely required. While in purge
mode, connected devices will generally indicate values Itivegr the G3 setpoint, indicating the purge is
working. Ensure adequate purge before proceeding to generate mode.

a) Enter the Generate mode by
G3 G300001
pressing th&eneratebutton Gas X & @ o P 0|
flow is thendirected through the Setpoint Actual
saturator rather than bypassing it. .
) P] Frost Point ¥ |-50.000 -50.000 °C
The humidity value a the outputs [FF] Frost Poin
will quickly move upward toward | [Tsu] Sat Temp Upper 47,000 -47.000 o
the setpoint value. [Tel] Sat Temp Lower 47.500 47,500 oC
[Ps] Saturation Pressure 34,275 34.275 nsi
b) To change the humidity setpoint, | [F1] Flow Rate 1 0.70 0.70 |fmin
simply enter a new setpoint value. | [F2] Flow Rate 2 0.25 0.25 |fmin
You may also select a different [F3] Flow Rate 3 L 00 e =
humidity controlparameter (such
asDew Point Frost Poinf PPMy, Vacuum Cooling
PPMw; or Saturation Pressurge
from the drop down menu. If you (|| geperate Purge Fill Vent
select a different parameter for
control , y ou m a | Humiaity ontrol Mode Frost Point <
approximate setpoint, but this
parameter will not become the new humidity control parameter until you enter a new value
same value) in the Setpoint field. The curddaomidity ControMode is displayed on the bottom-
line of the Control Window.
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4.6 Viewing additional data

While generated data is visible the Actual columnsadditionalnumericdata is available

Y2 RHS Control 1.8.11 — C
. . . ™ G3 G300001 . ~
1. Clicking the GEAR icon causesother R L c St (%] ®
windowto appeabelow the Control Window | I e
with data and a selection baritattop. [FF] Frost Point ~ | -50.000 -50.000  |C
[Tsu] Sat Temp Upper -47.000 -47.000 =
[T=l] Sat Temp Lower -47.500 -47.500 =
[P=] Saturation Pressure 34.275 34.275 psi
[F1] Flow Rate 1 0.70 0.70 | frmir
| [F2] Flow Rate 2 0.25 0.25 | frmir
| [F3] Flow Rate 3 1.00 1.00 |/min
Vacuum Cooling
Generate Purge Fill Vent
Humidity Control Mode Frost Point
Measurement Values 7
[Tsu] Sat Temp Upper -47.000 °C
[Ts]] Szt Temp Lower -47.500 °C
[Pt] Test Pressurs 3.6320E-3 psi
[Ps] Saturation Pressure 34,275 psi
[F] Alicat Pressurs 25,008 psi
[Fh] High Range Pressurs 3.6320E-3 psi
[Fl] Lowr Range Pressurs 3.6320E-3 psi
[Pr] Regulsted Pressure 36320E-3 psi
[Pv] Vacuum Chamber Pressurs 0,36320 psi
Turbo Pump Speed 25042 Hz
[Fi] Flow Rate 1 0,70000 |/min
[F2] Flow Rate 2 0.25000 |/min
[F2] Flow Rate 3 10000 |/min v

2. Click the dropdownat the top of thisew
window areato see a list of other data groups thg| |ieasurement Values M
may be d|Sp|ayEd Measurement Values ~
Humidity Values
Temperatures
Setpoints
[Ph] High Range Pressure Coefficients
[FI] Low Range Pressure Coefficients
| [Pr] Regulated Pressure Coeffidents v
[Pctrl] Pressure Controller Coefficents 3
Menil @3t Tamn | Innar Crafhiriante
3. In this example, thHum!dlty Valuesdata group R .
was selectedvYou may view any data group at an e s
time without affecting the operation of the syster| s oew pont 54,239 °C
[PPMv] Volume Ratic 40,585 ulfl
[PPMw] Mass Ratic 25,431 ma/kg
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4.7 Plotting data

In addition to the numerical datéews, data may also bplottedin graphical form.

To plot data: +
a) Select the Graph icon I— at the bottom oftte screen A data selection window appears.

b) Select an instrument (the G3) on the left side and any numbdataftems on the right ®d

's Select Graph Data - RHS Control 1.8.11 ? X
Devices Left ¥ Axis Right ¥ Axis
G3_G300001 B " =l [Tsu] 5at Te U 2 =l
| + su] Sat Temp Upper r
[F1] Flow Rate 1
[Tsl] Sat Temp Lower
[F2] Flow Rate 2 .
E[Pt] Test Pressure
[F3] Flow Rate 3
[P<] Saturation Pressure
[FP] Frost Point
[P] Alicat Pressure
[DP] Dew Point
[Ph] High Range Pressure
[PPW] Valume Ratio
[PI] Low Range Pressure
[PPMw] Mass Ratio
[Pr] Regulated Pressure
[Tsu] Sat Temp Upper
[Pv] Vacuum Chamber Pressure
[Tsl] 5at Temp Lower
w7 Turbe Pump Speed 24 x
< > < >
c) Close the window. A graph appears.
"4 RHS Control 1.28.11 - m] X
x 3 @ Senn El o] = M & L] @ T I0 | acdnee min - o 3¢ %
Setpoint Actual
@  G3G300001: [FP] Frost Paint (<) | |(15:45:54, -33.7456)
[FP] Frost Paint - -50.000 -
[Tsu] Sat Temp Upper 10.000 24,050 o
[Ts(] Sat Temp Lower 2.5000 24,110 -
[Ps] Saturation Pressure | 34,275 34,275 i
[F1] Flow Rate 1 0.7 0.7 Jimin
[F2] Flow Rate 2 0.25 0.25 |/min
[F3] Flow Rate 3 1.00 100 imin
Vacuum Cooling
Generate Purge Fil Vent
Humidity Control Mods Frost Paint
Humidity Values -
[FP] Frest Paint -50.000 °C
[DP] Dew Point 54139 °C
[PPMv] Volume Ratio 40.385 ulfl
[PPMus] Mass Ratic, 25,451 mgfkg
< >
A G O Hide Notes
°C = psi = fmin ~| LogInterval 5.0s ¥ | & | Log LogFile Size  5.77/200 MB ,l B ? E Q ﬂ

d) The graph starts ingtrip-chartmode where the newest data always appears on the right side of
the screen and the graph scrolls or scales to accommbidatée touch screen to swipe / pinch /

zoomto scale or move the grapihe(s)as desired.
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4.8 Idle mode

The G3 performs beditit is allowed to remain operating at a set temperature with a small flow rate even
when its generated output is no longer required. This allows the gas path tubing and connections to
remain dry (or conditioned at a desired humidity) so that it is inatedy ready to generate when next

needed. Whether Purge or Generate mode is chosen for this idle operation depends mainly on the starting
humidity value of the next anticipated need. If the next anticipated run will start at a low humidity (say
below aboti-50 °C FP (below ~50 PPMv), Generate mode is best. If the next run is anticipated to start
above-50 °C (above ~50 PPMv), Purge mode is generally best as it will keep gas path tubing drier during
this idle time. The Vacuum should also remain enable@ép khe chamber evacuated and dry.

To create an idle mode:

1. Setall flow rate setpoirgto low values such as 0.br 0.21/m.

2. Set thehumidity setpoint to anyuture anticipated starting value. Or set to the lowest value
anticipated during the next run and consider starting next time at this lowest value first.

3. Press the Purge button to place the system in purge (moife¢he setpoint from step 2 is lower
than about50 °C FP, Generate mode is likely a better choice.)

4. Ensure the Vacuum button remains enabled to ensure the chamber remains evacuated and dry.

5. For extended periods of expected inactiyityeeks or more)you may wish to disable ti&tirling
coolers. Do so by pressing the Cooling button to ensure it pops back out and is no longer
depressedAlso, if Cooling control is disabled, Purge mode is the best choice to keep gas path
tubing dry and preserve water in the saturator from being evaporated away during this idle time.

Note: For quicker restart in the future, it is best to leave the system operaéitigdrpurgeor generate
modeat a lowhumidity with coolersenabledrather than turning them off.

4.8.1 Example idle settings

Idle settingsshownassume the next

anticipatedusage may likely begin at x » o géﬁfgmm T B
approximately70 °C FP. With these etk Actual
settings, the saturator will remain cooling i
-64 °C, flow will continue through all three | | [FP] Frost Point v -70.000 °C
gas outlets at a rate of approximately 0.1 — 64,000 = -
liter/minute each, and the vacuum chambe B - -
will retain itsvacuum. Since purge mode is| [T5] 53t Temp Lower 64,500 64,500 <
used, the gas exiting the three gas outlets| [Fs] Saturation Pressure 31.525 31.525 psi
will be at a level drier thasv0 °C FP to [F1] Flow Rate 1 0.10 0.10 | iy
precondition tubing and connected [F2] Flow Rate 2 010 o.10 |jmin
instruments at a dry condition. Purge mod .
also ensurgthat gas is bypassing the Beilbiusini=td 0.10 0.10 =
saturator rather than fiang through it, Ve Cooling
thereby preserving water/ice level within
the saturator.

Generate Purge Fill Vent

Humidity Control Mode Frost Point
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4.9 Power off

@ For extended periods of narsaggweeks or morelthe system may be powered off completely.

1. Close the RHS Control program.

"2 RHS Control 1.8.11 — O e
T G3G300001
x x @ S ¢ 0 B
Setpaint Actual
[FF] Frost Point ¥ || -70.000 -70.000 oC
[Tsu] Sat Temp Upper 54,000 54,000 =C
[Tsl] Sat Temp Lower 54.500 -64.500 oC
[Ps] Saturation Pressure 31.525 31.525 psi
[F1] Flow Rate 1 0.10 0.10 |/min
[F2] Flow Rate 2 0.10 0.10 |jmin
[F3] Flow Rate 3 0.10 0.10 |jmin
I Vacuum I Cooling
Generate I Purge Fill | Vent |
umidity Control Mode Frost Point

i“C*psi *|lfmin = LogInterval 5.0s Tl‘l Log . Log File Size }}i \ri. o

2. Press the front panel Power switdthe PC will go through an orderly shutdown sequence,
followed by an automatidull system power downiVhen the power button light extinguishes, the
system has completed its power down procedure.

3. To further remove power, turn off the circuit breaker switch at the losegpanel and unplug
the power cord if desired.
4. Turn off any pressurized gas source that is connected to the system gas inlet.

When restarting the system after a period of full power down, follow steps in séttioae-establish a
dry, evacuated, operational system.
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50peration

5.1 G3 Operation using RHS Control

RHS Control is a PC program (available on Windows and Linux) which allows the user to operate the G3
systemThe system may be operated manydhyough direct entry of desired setpoints, or automatically,
through a series of preprogrammed, user selectable setpoints and times.

In addition to entering setpoints for control, the program offers visualization of resulting datatimeeal

both in numerical and graphical formats. It also allows for connection to other instruments (such as those
connected as Uni ts,proltleddhey have a setial data port. Bodthioge instruments

with a serial data port, a customized protocol description in the forrjsohéile is used to make the data
connection. These json files are text files utilizing our RHS Descriptor Languagdine the instrument
protocol, commands, and data presentation method. These instrument specific files may be created and/or
modified by end users, or they may be obtained from RH Systems for particular instruments. While these
descriptor files are alable for RH Systems brand products, they can also be created for a wide variety

of instruments and are not limited by brand and model. The main requirement is that the infteument
connected via serial interface that can respond to command requestsansistent manner.

5.1.1 Launching RHS Control

B

To launch RHS Control, simply click itlesktopicon . The main program loads and automatically

presents the Connection window.

= Scanning for devices - RHS Control 1.4.5 ? x
Connection »
window >\ =
Je a
< - p twin < | Y = T
/I\ /i\ IA\ I]\ /I\ 4N
Units Open the Open the Graphsfill || Start a new Close RHS
selection Connection Profile entire Graph Control
window window window
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5.1.2 ConnectionWindow

All instrument connections are initiated via the Connection window. When the program is first launched,
this window appears automatically. However, it mayppened for usat any time simply by pressing the
Connection button on the main RHS Control screen.

Auto-detect Manual

Devices

List of —_— G3 B17-09003 (COM4 9800)
instruments
found
Connect
Search for v ¢
instruments 3 R n button
button
X
\ Close
window
button

5.1.2.1 Connect the G3
When the Connection window opens, it initiates an automatic search for attached instrifiménts
the G3, it will automatically connect.

To connectnstruments

Jo 1. If the instrument you want to connect with is not listed, ensure it is plugged into-2B2R%rt.
Then press the Search button

Click onanyinstruments) listed The selected line(s) will highlight

Click the Connect Buttonlf there are no further instruments listed, the window closes
automatically. If other instrumenése still listed, the window remains open.

X 4. To close the window, press the Close button.

A unique window appears within the main screen for each connected instrarherfollowing window
is typical of a running G3.

Document: G3 Manual 4/26/2024

Page39 of 87



Tear this window Show secondary

Minimize this  away from main data / coefficients ~ SNOW ”;'n'_ g
window scree Windowsl terminal window
Close instrument\. Show serial comm
connection ——eoX 3f [ géﬁfgnnm X Eo/ data stream
Setpoint Setpoint Actual
Mode D!-F‘] Frost Paint || -70.000 -70.000 oC
Selection
[Tsu] Sat Temp Upper 54,000 -54,000 C
[Tsl] Sat Temp Lower -54, 500 64,500 =C
[Ps] Saturation Pressure 31.525 31.525 psi
[F1] Flow Rate 1 1.00 1.00 | frnin
[F2] Flow Rate 2 0.00 0.00 | frnin
[F3] Flow Rate 3 0.00 0.00 | frnin
Turns vacuum : Turns Saturator
—_— T Vacuum Cooling — .
pump on/off cooling on/off
Generate Purge Fill Vent
Toggles between AC“VateS VentS
Generate/Purge mode ~ Water Fill - pressure from
mode saturator

All fields within the Setpoint column that are white in color are user editable.
The Setpoint Mode Selection is a drdgwn menu that allows selection of the following control modes:

- [FP]Frost Point

- [DP]Dew Point

- [PPMv] Volume Ratio

- [PPMw Mass Ratio

- [Ps] Saturation Pressure

The fields to the right of the Setpoint Mode Selectidglhchange according to the control mode selected.

5.2 Apply Vacuum

The vacuum chamber is utilized both as a means of thermal insulation, analas barrier to prevent
unwanted permeaticof water vapointo the conditioned gas. Prior to generating a humidity value,
vacuum is required.

1. Ensure the vacuum chamber is properly in place, its eight mounting screws secured, and the eight
external supports installed and properly tensionaeitglight finger tightness only.
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2. Press th&/acuumbutton to toggle it ON. It takes a few seconds for the pump to start. Since the
button always reflects the puistatus it also takes a few seconds before the pump button
reflects an ON (or pushed in) condition.

5.3 Fill, Purge, and Chill

The saturator provides a path for the gas to travel over a surface of water or ice.iRitiaf tperation,
andonly occasionally after that, the saturator must be filled with liquid witseh time after filling, it is
recommended tpurge for a period of time to remove any unwanted water/ice/vapor from the saturator
outlet gas path, archill (freeze the water)

The amount of time between filling operations is dependent on:

- Humidity levels generated (highetarmerhumidity levels use water faster)
- Flow rate of the gas (higher flow rates use water faster)
- Dryness of the incoming supply gas

The saturator holds approximately 75 ml of wakgproximaterun timesarelisted below.

Dew/Frost Approximate continuous

Point runtimeat 1 L/min
°C

+10 4 days

0 1 week

-10 3 weeks
-20 2 months
-30 6 months
-40 18 months
-50 5 years
-60 17 years
-70 75 years
-80 350 years
-90 1500 years

The table reflects the expected run tiassuming a total flow rate of 1 L/min. For higher flow rates,
divide the run time by the flow rate. As an example, if the total flow rate is 4 L/min, the expected run time
at-20 °C would reduce to approximatelyv2eks ¢alculated a2 month$/ 4 =0.5month.

5.3.1 Fill the saturator

Filling the saturator isequiredinitially, thenonce every few weeks, depending on the humidity and flow
rates generated. Low humidity and low flow rates require less water. High humidity and high flow rates
require more water and therefore more frequent filliiling may only be performed when the saturator
temperaturés well above freezing (at least 5 °C or higher).
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1. If the saturator is at a temperature below 0¥@ereaDew Point or Frost Point temperature of
+10 °C. This will cause the saturator temperaturgadon upto 12 °C or higherThis ensures that
all ice in the saturator will melt to liquid water.

2. Ensure theCoolingbutton is enabledVait for the saturator to warm and stabilize at the setpoint
temperature.

3. Press théill button After a few seconds, the system will go to Fill mode and will also set the
Purge mode and the Vent mode buttons automati¢dbtyv rate setpoints will also be zeroed,
and saturation pressure setpoint is set slightly above ambient pressure.

Usi ng a 9 /eiévé thenSwagelak kover mut from the Saturator Fill port.

Using the syringe and tube supplied in the accessories kit, draw in 1 full syringe of DISTILLED
WATER fromadistilled water bottle. UsBISTILLED WATER ONLY . Do not use de
mineralized, deonized, filtered, or drinking water.

Connect the hose to the Saturator Fill port

Slowly inject the water into the saturattra rate of
no more than about2 seconds penl (about 2 '
minutes to inject the full 50 ml volume of the

syringe).
8. Using the syringe, follow the water with air. Slowly

inject about 2 syringes of air (about 100tothl) at
the same rate as the previous step.

9. Wait about 5 minutes to allow excess water to dra
from the saturatoiDuring this procedure, some
water maydrip/spray out the vent port in the back. /
This is normal and indicates a full saturafdtube
and catch pan may be used at the vent port to cat
the excess water if desired.

10. Stop the Fill mode by pressing tRél button again
to toggle itoff. This stopsoththe Fill and Vent
modes. Purge mode remains and saturation
pressure setpoint remains slightly above ambient.

11.Reinstall the 10 Swagel ok cap.

5.3.2 Purge the saturator

Atfter filling, it is a good idea to purge for an hour or more to ensure there is no excess liquid water in the
gas path.

1. SelectFrost Pointas the humidity control mode, and enter a setpoint value of 0 °C.

2. Remove any covers from the gas oufiltings andset a flow rate of 0.5 to 1 I/min for each of the
three flow outputs.

If not already enabled, press tGeolingbutton to turn on saturator temperature control.

Ensure the G3 is still in purge mode (the Purge button is pressed in). However, if it is in generate
mode, press thurgebutton to switch to purge mode.

5. Wait an hour or more.
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If a humidity monitoring instrument (such as RH Systems Model 373LX Chilled Mirror Hygrometer) is
connected to one of the gas outlets, proper purging is indicated by low readings on the instrument. For
example, at the conditions set above, the instrunstasid indicate at leastO °C FP or lower while
purging. If the readings are higher (warmer) than that, the gas path is likely wet and should be purged
longer before proceeding.

5.3.3 Chill the saturator

Once the saturatdras been filled and purged for a sufficient timhés ready to begin chillingcausing
the water to freeze. This is done while the system is s#lLilgemode.

1. Ensure the G3 is still in purge mode (the Purge button is pressed in). However, if it is in generate
mode, press thBurgebutton to switch to purge mode.

SelectFrost Pointas the humidity control mode and enter a valu&0f°C.

3. The saturation temperature setpoints will automatically adjust to appropriate Vehieantil
the saturation temperatsrieavereached the setpoins.

4. Connect a hygrometer tme ofthe G3 gas outpsi{a chilled mirror such as the RH Systems
Model 373LX is recommended).

5. Monitor the hygrometer output. It should have a reading well below the indicated humidity value
of the generator. Continue to run and monitor until the hygrometer reading remains relatively
steady, and well below the G3 indicated humidity value.

The G3shouldnowbeready for use.

5.4 Selecting Humidity Control Mode

The G3 can contrah one of several different humidity control modes which automatically picks suitable
parameters for saturation temperature and saturation pressure. As an alternative, it may also be operated
by entering setpoints for saturation temperature and saturaéissype directly.

5.4.1 Humidity Control Mode

While ina valid humidity control mode (FP,FD PPMv, or PPMw), the G3 automatically determines
suitable target values for saturation temperature and saturation pressure.

1. Using a mouse or finger, select the x | & g;ilmgnus o SN e IR
drop-down menu to reveal the variou
control mode options.

Setpoint Actual

f] Frost Point -90,000 -89,999 oC
: |-84.000 -83.999 o
[Td] Dew Point
[PPMv] Volume Ratio -85.000 84,996 oC
s 42,030 42,020 psi
MAT Clasa Fi=d~ 4 M "c n "Cc | femiem
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2. Selectone of thdistedcontrol modes Setpoint Actual

by clicking on it. [Tf] Frost Paint ~ |[-s0.000 -90.001 oC
[Tf] Frost Point 84,000 34,000 °C
p[Td] Dew Point — '
f | -85.000 -84.997 °C
42.010 42,020 psi
. . . Setpoint Actual
3. Click the value in the Setpoint : L
column Change it and hit Enter [PEMy] Volume Ratio ™ |[0710077 0,10071 ulfl
4. The field border highlights. Edit the Setpoint Actual
value and press Enter [PPMy] Volume Ratio = |0.1 0, 10077 ulfl
Menl St Tarmm | Inmar == R T Ty | = T L=
5. After pressing Enter, the highlight Setpoint Actual
changes color to indicate the new  [PPMy] volume Ratio ~ | 0.1 0.10075 i
setpoint is being sent. e Aea e — (e —_
6. Once the value is sent to the G3, the x | & 3 B17-09003 a0l m
highlight disappears. A new value is COMS
then read from the G3 and will be Setpoint Actual
displayed. Saturation Temperature | [ppmy] volume Ratio ~ |0. 10000 0.10080 i
and Saturat_lon Pressure setpoints w [Tsu] Sat Temp Upper  |84.000 P -
be automatically recomputecs
needed. [Tsl] Sat Temp Lower -35.000 -34,997 o
[Ps] Saturation Pressure (42,020 42,010 psi
[F1] Flow Rate 1 0,25 0,25 [ fmin
[F2] Flow Rate 2 0.00 0.00 [ frmin
[F3] Flow Rate 3 0.75 0.75 [ /min
Vacuum Cooling
Generate Purge Fill Vent
Note that the new setpoint and control mode are changed at the santmitime,t unt i | youdve ¢

new value. What this means is that you can look at the associated humidity Setpoints without affecting
the current control modén other words, you can perform steps 1 and 2 above without causing any
change to the control modéhe mode changesly afteryou edit the setpoint and press Enter, as
mentionedn step3.

In all humidity control modes, the saturation temperature setpoint fixes at a reasonable value and does not
change any further until you once again change the humidity setpoint.

Note that although the G3 automatically determines a suitable saturation temperature setpoint when
entering a new humidity setpoint, you have the opticoverrideit. If the new saturation temperature

setpoint you enter is still within the range of suitable values for the current humidity setpoint, the new
saturation temperature setpoint will be accepted. If, however, the saturation temperature setpoint you
chose would not allow the G3 to reach your humidity setpoint, a new automatic setpoint will be chosen by
the system, overding your saturation temperature setpoint. Changing the Saturation Temperature does
not change the humidity mode.
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Automatic calculation of saturation pressure is, however, an entirely different matter. Unlike temperature,
which fixes to a single value, the saturation pressure setpoint consimtlsto bring about the desired

humidity outputbased on current humidity setpoint and measured saturation temperature

5.4.2 Sat Pressure Control Mode

There may be times that you prefemaintaina fixed saturatiorpressure rather than a fixed humidity.
When controllinga fixedsaturation pressure, the saturation pressure setpoint will remain constant while

the humidity may vary.

" G3 G300001
X i B s O B0
Setpoint Actual
1. Click theHumidity Selection
dropdown — | |[FF] Frost Paint ~||-10.000 24.120 °C
SelectPs] Saturation Pressure '[DF] Dew Paint 110.000 24.050 T
. . PMy] Valume Ratio 9. 5000 2.110 °C
3. Enter a Saturation Pressure setp [[EPMW]] Mass Ratio _
in the top field and press Enter. [Ps] Saturation Pressure [ 13904 —c psi
[F1] Flow Rate 1 0.00 0.00 | frnin
=71 Flans Data 72 moan nhn | frmir

Saturation Pressure becomes the new setpoint, attempting to hold its value constant. Humidity setpoints
and values may vary. Changing saturation temperature or flow rate setpoints has no influence on control
mode, and saturation pressure control megtpointremains unchanged. To exit saturation pressure

control mode simply renter a humidity control mode as describef.ihl

5.5 Changing Set Points

Setpoints are used to inform the G3 of the desire(

G3B17-09003

humidity output, flow rate, and other factors. x | & COMS I
Setpoints are used as the target values for contra Setpoint Actual
1. With a mouse or finger, cIi_ck on a setpoint | [Tf] Frost Point - |-57.542 58.754 o
Eel?j. Thefield highlights with a colored [Tsu] SatTemp Upper  |-52.000 52.002 o
order.
sl] Sat Temp Lower -53.000 -53.012 C
2. With either a physicateyboardor theon- S —— <000 34730 bsi
screen virtual kgyad enter the desired .
setpoint value. [F1] Flow Rate 0.25 0.26 [ fmin
_ 2] Flow Rate 2 .00 0.00 |jmi
3. Press EnterThe highlight color changes SR L — ’rmfn
while the G3 is informed of the new value 3 Flow Rate 3 0.75 Jlo.c7 |fmin
and is read back. The value read back is Vacuum Cooling
then displayed and the highlight removed.
4. Confirm that the number displayed is the Generate Purge Fill Vent
number entered.
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5.6 Purgemode

Purge mode is used to dry the saturator

outlet tubeand any connected instruments| X i & géﬁfgmm o B
to prevent unintended humidity from Setpaint Actual
alteringthe gas strearnumidity once it _

exissthe saturator. Enter purge mode by | [FP]FrostPaint M 70,000 C
pressing the Purge button. 'I_'he Purge' and [Tsu] Sat Temp Upper 54.000 54.000 o
Generate modes are exclusive, meaning t [7sl] Sat Temp Low o2 500 =2.500 oc
Generate mode turns off when Purge moo| - = 22" 'SP -OWEr : '

is enabled. [Ps] Saturation Pressure 31.525 31.525 psi
While purging, yoé | | atleast @25 [F 1] Flow Rate 1 0.10 0-10 i
L/min or more of combined flow rate. All | [F2] FlowRate 2 0.10 0.10 |fmin
purge gas flows through the Gas Outlet | [F3] Flow Rate 3 0.10 0.10 |frmin
ports at the front panel and may be

monitored by connected measurement Vacuum Cooling
devices.

When in Purge mode, the supply gas LElafis Furge = B

entering the system at the back panel is

used as the purge gas and should therefore have a frost point value much lower than the sat temperature
during purge. As a general rule, the saturator should not be cooled lower thasv@i5@utvhile in purge

mode and using LN2 bedff as the purge gaPurge mode is generally only needed after filling with

water. Once purged, and the saturator temperature is below freezing, the G3 may be switched to Generate

mode.

Thepressure dew poirdf the gas supplied to the G3 should be lower thasdhgation temperature
settings while in Purge mode. If the pressure dew point is h{glaemer, wetterjhan the saturator
temperaturethen purging willhave the opposite effect wfeting rather than driyg the gas pathChoose
aproperpurge valughat is wamer than the pressure dew pointloé supply gas.

5.7 Generatemode

Generate mode is used to generate humidific |y S 53 B17-05003 e BR=RN
gas. The humidified gas is directed to the Ge B

Outlet ports at the front panel. When Setpaint Actual
generating, it is normal to use a humidity [Tf] Frost Point w || 57542 £8. 754 op
setpoint and deast one flow rateetpoint. [Teu] Sat Temp Upper | -52.000 — —
Press the Generate button to enter Generate

mode. Enabling Generate mode disables Pu [Tsl] 5at Temp Lower  [-53.000 peklbie e
mode. [P=] Saturation Pressure (30,000 34.730 psi
Once the G3 has been sufficiently purged, aj [F1l Flow Rate 1 0.25 flah T
the saturator is frozen (i.e., the saturation  [F2] Flow Rate 2 0.00 0.00 |fmin
temperaturéd\ctualvalue is below freezing),  [F3] Flow Rate 3 0.75 0.67 |jmin
Generatemode mayhenbe used to transition

up and down in humidity values at will. Vacuum Cooling
Provided that the saturator remains frozen

(remains below 0 °C)here is generally no Generate Purge Fill Vent
need to switchbackto purge modevhile

drying to lower humidity values or coolg the saturatorurther.
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5.8 Viewing Data Graphically

Data may be viewed numerically, or as a graph. You may show several graphs at one time, each with
independent variables, axes, and timing. All gragavsshow fixed data, or running strghartstyle data
where it is always up to date with current information.

Graphs may show a combination of data from any connected instruments. Each parameter may be shown
in a different color and may be quickly and easily shown or hidden during analysis.

Graphs respond to normal pirahdzoom, multitouch gestures of the touch screen. They also work with
a mouse to move/zoom/scale as desired.

Hide/Show XY kAé(eS Run
track data i
Legen Strip
Adds Data Plots to X”,?jmts fits Y-AXxis fits | gck Y-Axis Chart
current graph \ Al e a‘llkdat% i
Change Add Note = o E oy

G rap h COIH @ cgsZ-W Ayy-mmiooc [DP] Dew Point (°C)

Enable/Disable
current data plot

F & [Hdenots

- ] = [6]3

Bl @ 05240 Ayy-mmxxx: [Tc] Chamber Temperature (°q

Add Mote

<

@ B [ricenotss 5:41:40 5/41:50 15:42:00

L] "(

Click to Add Plot Note, X-Axis manual Start a new Mininfize  Close
then click within plot to entry scale graph Graph Graph
insert note.
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5.9 Auto Profiling

In addition to direct, reaime, user setpoint input, an ayioofile can be prepared on screen giving the
system a set of future, timsedsetpoint instructions. With aujarofiling, an entire series of setpoints
with associated run times is ppeogrammed on screen for subsequent execution of the sequence. Or it
may be stored to disk for later retrieval and execution. Aubdiling allows he system to run full
sequences of humidity/temperature/flow points completely unattended, storing system and instrument
data the entire time. In addition, if other instruments are also connected to RHS Control (such as
RHS/MBW Chilled Mirror Hygrometers}hey too may be sent commands as part of the @afde
sequence. In this way, any available connected instrument may be included to accept commands from
autoprofiling.

Press the Auto Profile button at the bottom of the screen to open the Auto Profile window.

logiterval 305 | & | og @) LogFiesze asmowe - Y e T & 3 0 H
The Auto Profile window appeatrs.

"2 Profile - RHS Control 1.8.10 - O x

+ a [ w M » 11 = “ Status: 07:00:00

1 IZl E 5240 1704002 ~ | |[RH] Relative Humidity ~| [z | FoosossHL v|almo v[a|so |

2 EE 5240 1704002 ~ | |[RH] Relative Humidity ~| [z | ‘ ForwooHt v|almo v|also v|a| x
3 EE |ca5240 1704002 ~|  |[RH] Relative Humidity ~| s | ‘ ForwooHt v|almo v|also v|a| x
4 EE |ca5240 1704002 ~|  |[RH] Relative Humidity ~| [5 | ‘ ForwooHt v|almo v|also v|a| x
5 IZ'E |ca5240 1704002 ~|  |[RH] Relative Humidity ~| [e0 | ‘ ForwooHt v|almo v|also v|a| x
6 IZ'E |ca5240 1704002 ~|  |[RH] Relative Humidity ~| [ | ‘ ForwooHt v|almo v|also v|a| x
7 IZ'E CGS240 1704002 ~|  [[RH] Relative Humidity - [z2 ‘ ForwooHt v|almo v|also v|a| x
= [RH] Relative Humidr

[FF] Frost Point

[DP] Dew Point

[Ps] Saturator Pressure

[Tc] Chamber Temperature

[Tcl] Chamber Liquid Temperature
[F] Flow Rate

CG5240 1704002 =

Connected instrument pediown

+ O & @B » 11 =
From left to right:

ﬂ Add Setpoint [RH] Relative Humidity <
i Clear Selpoint [RH] Relative Humidi
O fl [FP] Frost Point
ﬂ pen pro e [DF] Dew Point
i [Ps] Saturator Pressure
ﬂ Save proflle [Tc] Chamber Temperature
ﬂ Start prOfIle [Tcl] Chamber Liquid Temperature
- F] Fl Rat:
1 Pause profile (o Fote
T Stop profile Control pulkdown
| Status: 07:00:00 | |
Profile Total Time Setpoint entry

Move setpointline up/down

E 01:00:00 H 1

v|afwo v[a|so v|a]

Timer setpoint controls for run timat each point
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5.10 Change Units

Changing the units may be done at any time using the Units bar at the lo
left corner of RHS Control. The units will change globally (numerically an; P2 ~ [Umin ¥ € ¥
graphically). This will affect the displayed units & instrumens connected
to RHS ControlHowever, his does not affect the units logged during data collection. Data is always
logged in units of pa, I/min, and degrees Celsius, regardless of the units being displayed.

5.11 Connection of other instruments

A variety of othelinstrumentsnay also be connected to RHS Control. If the instrument has @3RS

serial port, and a properly written description file (.json file) is included in the @& dhnection

window should be able to find and connect to it. The system is already supplied with several json files for
connection to most RHS and MBW brand instruments.

For a list of currently installed json files, look in the folder
c\RHS-Softwarédrhscontrolconfigs

The json files are stored as standard ASCII filed andmay be viewed with any standard text editor
such as NotePad, NotePad++, UltraEalittMS Word. Json files may also be written to communicate
with other brands of instruments. Contact RH Systems, LLC for more information.

5.11.1Serial connection

The G3 is supplied with several 32 serial comm ports located on the left side panel. There are several
USB ports there also, each of which could support additional comm ports vi&er&B converters.

These G3erialports mimic the operation and pinout of standard PC serial ports and can independently
operate at a variety of baud rates and communication protocols

Generally, instrument connections are made using aB32S  Rs232Pin Out
Extension Cable with male connection on one end, female Pi'l'# f)itgf'[;“ G3 Serial Connectors
connection on the other end, and wired straight through (pin.[— RX
1,22, 33,€é ,99.) Note that all RH Systems brand X
instruments connect directly using only a straight through -
extension cable. If manufacturing your own cables, generally DSR
only pins 2, 3, and 5 are required for connection to most

RTS
instruments.

CTS
RI

Ol | |n|s|w

If a Null-Modem adapter would normally be required for the instrument to communicate with a standard
PC, a NutModem adapter (which crosses pins 2 and 3) will then also be required when connecting to
these ports of th&3.
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To connect, lug the female end into any of the Plug the male end into the instrument.
available serial ports on the left side of the G3.

5.11.2oftware connection

After making the physical cable connection, connect to the RHS Control software by pressing the
Connectbutton.

logInterval 30s ¥ | & | Log ‘ LogFile Size  4.97/200 MB 'l i ; B Q o IH

The Connection window appears and automatically searches for physically present instruments it finds
that are not currently connected to RHS Control. (See sextlohConnectionWindow)

Auto-detect Manual

Devices

Doubleclick to connect |
373LX 17-1203 (COM 9600)
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5.12 DatalLogging

All instrument data is stored in log files. Logging is defaulted to ON upon startup of RHS Control. Each
connected instrument has a separate log file with common time stamps for easy postlysis using
Excel or other programs of your preference. Data files are stored in CSV (comma separated value) format

for easy import.

The data is |l ogged at a time_. .= _|,.|.

spin boxlocated at the lower left corner of RHS Control.

ed

Log File Size 0200 MB

Located to the immediate right of theg Interval spin boxis theLog toggle switch. The Toggle switch
will be blue in color when logging isnabled and red in color when logging désabled Yellow color
indicates that the size is approaching its maximum. The act of togglinoFtwell close the file and
stop data collection for all instrumentation connected to RHS Control. Toggling it baskatidl start a

new log file.

Files names are identifiable by instrument name, serial number, and time lsbgnfifes are stored in:

RHS Control \logs \

The current log file size is indicated. If the file reaches the maximum size limit, the file closes and a new
file starts automatically. Maximum log file size is user selectable in the System Settings window.

5.13 System Settings

The Settingsbutton provides access to the Settings Window.

psi ~ |lfmin ¥ °C * LogInterval 30s v | & Log Log File Size  4,97/200 MB v* E ; H Q 0
System Infoallows for selection/deselection of the-streen = s wecmene *
keyboard. It also allows for a light and dark mode theme (li¢ &ofe. | === .

mode is shown throughout this manual).

Style:

Light Mode:

Log Configuration allows for changes to the log file data | == # o
formatting options. It also allows setting the maximum log fi &
size. Once the size is reached, the file eldseand a new log

file will automatically be generated.
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6 MOdE&3Su-Bystsem

This section providedetailsof the functional systems within tl&3. These subsystems include the
ElectricalSystem, Pneumatic Systeand Temperature Control System.

6.1 Electrical System
The G requiresl00-240 VAC, 5060 Hz, single phase power.

6.1.1 AC Power

AC power enters the system via the power connector located at the back panel, transferring AC into the
system via a twqoole 15-ampcircuit breaker. When the breaker is turned on, power is also applied
circuit breaker CB1 located behind the rear panel near the top. With CB1 ON, power is applied to CB2
and CB3. CB2, when on, applies powex Term 1to the AC power strip which powers the 24 VDC

power supply, 48 VDC power supply, and the vacuum pGB®, when ON, applies power via SSR1 to
Term 2 & 3 to energize the 24 VDC PC power supply PSU1 and the Monitor AC power plug on the left
rear G3 panel.

ACMonitor
Receptacle

Bl L
bal AN | P

When the front panel power switch is depressed, another 24 VDC power supply PSU2 applies DC power

to the MCB. The MCB in turn applies 5 VDC to the PC Shut Down board PCSD, activating SSR1. When

SSR1 is activated, AC power is applied to the monitor AC pogeaptacle, and PSUL1 to activate the PC.
5 VDC from the PCs USB port is also applied to PCSD to hold SSR1 active. SSR1 deactivates when the
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front panel power switch is retracted, removing DC from the MCB, removing 5 VDC from the PCSD.

This PCSD signal loss is sensed by the PC software, triggering an orderly PC shutdown. While the PC is
shutting down, SSR1 remains active since the PCs USB pustins SSR1 activation. Once the PC

shuts down, USB power is lost and SSR1 deactivates to remove power from PSUL (removing power from
the PC) and from the monitor AC power receptacle (shutting off the monitor). Turning off the front panel
power switch des not affect the vacuum pump operation. If it was running before the system was
powered off, it will remain running to maintain the vacuum level of the chamber.

6.1.2 PC Power, 24 VDC PSU1

24 VDC power supply PSUL is used to power the PC. It is activated via AC power supplied through
SSR1. SSR1 is activated when power is received from the MCB through PCSD. This powers PSUL,
powering the PC. SSR1 is then held active through DC power froRQk&JSB port. When the MCB is

shut down via the front panel power switch, SSR1 remains active until the PC finishes its orderly
shutdown process. Once the PC completes shutdown, its USB power removes the holding activation of
SSR1, thereby removing power PSU1 and the PC. Reactivation occurs when the front panel power
switch is depressed, activating the MCBO6s power
which activates PSU1 which powers the PC. Once again, holding activation of SSRflial by the

operating PC through USB power.

6.1.3 DC Power, 24 VDC PSU2

24 VDC is used to power the Main Controller Board, relays, solenoids, heatesgraods. AC input

power is always connected to the supply via the main power entry receptacle, through CB1, through CB2,
through Term 1, through the AC power strip, then through its AC power cord. The 24 VDC power supply
is equipped with a lowoltage remote control circuit that |
is wired through the front panel power switgtihen the
front panel power switch is turned on, 24 VDC power is
enabled and applied, activating the MABe power
supply is located on the back side of the MCB control
panel.

6.1.4 DC Power,48 VDCPSU3

48 VDCis used exclusively for powering the two Stirling |
cooler circuitsAC input power is always connected to th
supply via the main power entry receptacle, through CE
through CB2, through Term 1, through the AC power
strip, then through its AC power coMhen AC power is
applied, the fan within the 48 VDC power supply runs, k
48 VDC remains off. It is equipped with a lexsltage
remote control circuit that is wired through the front pan
power switch. When the front panel power switch is
turned m, the 48 VDC power is enabled, therefore
applying 48 VDC to the Stirling cooler circuit boardée
power supply is located on the back side of the MCB
control panel.
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6.2 Embedded Control System

The control panel holds the Main Controller
Board MCB, the Precision Temperature

Controllers.The control system utilizes these #
boards along with Stirling Coole€ontrollers,
Stepper Motor Controllers, Heaters, Valves,
Pressure and Flow Controllers.

The embedded control system operates the
Model G3 by performing all functions require«
for system control and humidity generation.
Temperature, pressure and flow are
continuously monitored and controlled by
actuation of valves, relays, coolers, heaters,
and other outputsThe embedded controller
software consists of RHS custom developed
code, coupled with a higepeed multtaskng
reattime operating system. Via this multi
tasking embedded software, the controller
orchestrates the secotmsecond operain of
the G3 based on command input from any of
the RS232 ports. Using a variety of communication methods (Terminal Emulator, a custom written PC
program, or our RHS Control program), set points (frost point, dew point, saturation temperature, flow
rate, etc.) are transmitted to the controller bo@he job of the controller board is to accept these set
points, continuously measure the various analog and digital sensors, and control the various electro
mechanical and thermal actuattrdring about and maintain the desired set point conditions.

6.3 Main Controller Board
The Main Controller Board (MCB) has many different

functional type, the following tables in this chapter list the ¢
various inputs and outputs of the MCB and reference thel g
specific sections of this manuahere each input or output g
is discussed. 9

MCBO6s Flash memory. | nstr [j=e 4 ~figura
and calibration information, such as sensor coefficients ; e
resides within the MCBO6s
Memory (EEPROM).

Voltage regulators on the MCB take the 24VDC input
power and generate +12VDC, +5VDC, and +3.3VDC
needed for various components on and off the board. DC
power for sensors, solenoids, controllers, and others are
supplied directly from the MCB.
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6.3.1 DC CONTROL

The MCB6s DC CONTROL section (RLY1 through RLY12)
These devices receive their 24 VDC power directly from the relay connector. These relay outputs power

their connected devices directly, sourcing up to 2 amps &aeh(+) pin of each relay connector is hard

wired to 24 VDC. The-{ pin of each channel switches in ground via the relay. Each output channel has

an adjacent LED. When an LED -)pmnispuledtoigtound,ndi cat es
allowing aurrent to flow through a connected device

Positions of RLY1 through RLY12

Relay Description Reference
RLY 1 Upper Sat Heat 6.6.3
RLY 2 Lower Sat Heat 6.6.3
RLY 3 Tso Tube Heat (opt) 6.7.1
RLY 4 Sat Port Heat 6.4.1
RLY 5 Gen ModePulse 6.8.3
RLY 6 Purge Mode Pulse 6.2.3
RLY 7 Flow Heat A (opt) 6.7.2
RLY 8 Flow Heat B (opt) 6.7.2
RLY 9 Low Sat P Select 6.8.9
RLY 10 Ext P Select 6.8.9
RLY 11 Vent 6.8.3
RLY 12 Reserved

6.3.2 D/A Outputs

The MCBO6s D/ A Out p¥DC s e Cligmm.
analog outputs used to independently control the pow§ -
to the upper and lower stirling coolers. oS

O R T T T T

Output B.V2 controls the upper Stirling cooler, while T
output B.V3 controls the lower stirling cool@&.V2 and 8 allslalgld L7 T
B.V3 eachset amoutput level of 15 VDC representing a ysslly FEEEEEEs
Stirling cooling power setpoint of 000%. :

QR gE ok
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6.3.3 A/D Inputs

The MCBO6s A/ D | NFAD7) Bas and charind4rbit, 5 volDahalog to digital converter
system. Each connector also has 5, 12, or 24 VDC power available to directly power the connected
devices or sensorblote that connections to ADdnd AD3 are not used as measurement channels, but
rather are utilized only for sources of power to drive the temperature measurement board, or to provide
energizing signal to SSR1 to power up the PC.

Analog Description Reference

Input

ADO

AD1 5 VDCto PCSD board to 6.1.2
enable SSR1

AD2 Regulator Pressure sens 6.8.1

AD3 12 VDC power to Temp 6.4
Board

ADA4-7 Unused

6.4 Precision Resistance Measuremerioard

All temperature sensors in t&8 are 100N Platinum Resistance Thermometers (BRSIThe following
table lists the probe channels and functions of the G3.

Channel Probe name Function

CHO/T1 Tsx Auxilary Sat
Temp

CH1/T2 Tsu Upper Sat
Temp

CH2/T3 Tsl Lower Sat
Temp

CH3/T4 Tso Sat Outlet
Temp (opt)

CH4/T5 Tx1 External Temp
1

CH5/T6 Tx2 External Temp
2

CH6-11/  Spare

T7-12

CH 12/ RefOhmsLow Reference

T13 resistor

CH13/ RefOhmsHi Reference

T14 resistor

CH1415/ Unused

T15-16
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Theboardmeasures all thermometarsing full current reversal DC pulse mode excitatodrecords

these rawalues Theraw values are thematio-metricallycompare to measurements of the precision

reference resistors to determine their precise resistance vBhgeesistancealues are then computed

into individual temperatures using each probeds s

All probes are wired to the temperature board-adrd, 10000hmPRTSs. All probe connections are made

via straight single row Molex plugs. The reference resistorpaaraanentlysoldered to an intermediary

board and plugged into achannel header. The reference resistors are known resistances, whose values
are programmed into the MCB for use in determining resistances of the PRTs (typically approximately 60
and 140 ohms).

Communication occurs via R&2 to the MCB UART 7 at 115200 baud, 8 bits, 1 stop bit, no parity.
12 VDC power is supplied from AD3 of the MCB.

6.5 Stepper Motor Controllers

Stepper motor controllers control the position of custom linear actuated needle valves used to vary and
control flow rate.

The stepper controllers STF1 and STF3 control t
G36s Flowl and Fl ow3 s
controlledin a different manneand therefore has
no stepper controllgrThe stepper controllers are
individually addressable via an R85
communication protocol.

STF1 communicatest address 1, while STF3
communicatestaddress 3. They are linked
together via an RJ45 style serial cable (not ether
and ultimately communicate with the MCB on
UARTO at 9600 baud, 8 data bits, 1 stop bit, no

parity.
Power for the stepper controllers is supplied direc
from the 24 VDC power supply PSU2.

6.6 Saturator Temperature Control System

Saturator temperature is controlled by two Stirling coolers, one at the top and one at the bottom, which
provide a direct contact surface to cool the top and bottom of the saturator assembly. The cooling is
readily transferred by conduction from contadinmen plates in the saturator assembly. Contact heaters
are also installed to heat the saturator. Saturator temperature is maintained by control of the Stirling
coolers and heaters attached to the inlet and outlet plates of the saturator. The cootatesabrk in
tandem to produce stable temperatures at both the saturator inlet and outlet.

6.6.1 Stirling Controllers

The Stirling controller boards drive the Stirling coolers by producing an approximate 80 Hz variable
amplitude drive signal which is frequency modulated on a high frequency carrier wave. This carrier wave
i s demodul at ed wi t hi nccdilwhkéch tBen provides ithg foree toedfitepistorr. o ma g n e

Document: G3 Manual 4/26/2024

Pageb7 of 87



The amplitude of the 80 Hz signal applied to the electromagnetic coil effectively determines the cooling
power of the Stirling.

The controller boards provide power to the Stirling cooler fans at connector CN6. The Stirling hot side
temperature is also monitored at connector CN2 to-stoi the coolers under fault conditions.

6.6.2 Upper and Lower Coolers

The upper cooler is nearest the saturator outlet. Cooling power applied via the Stirling cooler is controlled
by MCB output B.V2, a5 VDC signal which represents 0 to 100% cooling power. Ta&'DC signal

is injected at CN7 pins 1(+) and-86f the upper Stirling controller board. An enable signal (OV) is

applied to CN7 pin 4 via a jumper wire from CN10 pin 6. The 48 VDC power supply input to the Stirling
controller board is connected at CN1 pins 1(+483)and 2(GND). The Stirling drive output is

connected to CN8 pins 1 and 2.

The upper cooler is nearest the saturator outlet. Cooling power applied via the Stirling cooler is controlled
by MCB output B.V3, a®b VDC signal which represents 0 to 100% cooling power. Fa&'DC signal

is injected at CN7 pins 1(+) and-86f the upper Stirling controller board. An enable signal (0V) is

applied to CN7 pin 4 via a jumper wire from CN10 pin 6. The 48 VDC power supply input to the Stirling
controller board is connected at CN1 pins 1(+483)[and 2(GND). The Stirling drive output is

connected to CN8 pins 1 and 2.

Pageb8 of 87

Connector Pin Signal Function

CN1 1 +48 VDC Power In

CN1 2 Gnd Power In

CN2 1 Warm side Measuremen
thermistor

CN2 2 Warmside Measuremen
thermistor

CN6 1 DC (+) Fan

CN6 2 DC () Fan

CN7 1 1-5 VDC(+) Input SetPt

CN7 4 0VvDC Enable

CN7 8 0VvDC Input Gnd

CN8 1 Stirling Output Drive Output

CN8 2 Stirling Output Drive Output
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6.6.3 Upper and Lower Heaters

The upper antbwer saturator heaters are contact heaters on the circumference of each of the Stirling

cool erds cold flanges. The heaters are used to co
the coolers to control upper and lower saturator temperathecheaters are operated from 24 VDC. The

heaters are connected to fixed frequency pulse width modulated (PWM) output signals of the MCB. The

upper heater is connected to RLY1. The lower heater is connected to RLY2.

6.6.4 Saturator temperatureneasurements

The upper saturator temperature, nearepsltat hausnatu
resistance thermometer (PRT) and connected through a bulkhead fitting to CH1/T2 of the

precision temperature measurement board. This PRT is desigrRafBusTPRT is used as both

the measurement and control thermometer for the upper saturator temperature.

The | ower saturator temperature, ne@restattihneumat u
resistance thermometer (PRT) and connected through a bulkhead fitting to CH2/T3 of the

precision temperature measurement board. This PRT is desigrat€diF PRT is used as both

the measurement and control thermometer for the lower saturator temperature.

An auxiliary thermometer is available for secondary measurement of either the upper or lower saturator
temperature, measuredbyaI0 pl at i num resi stance ther mometer
bulkhead fitting to CHO/T1 of the precision temperature measurement board. This PRT is
designated & This PRT is a measurement only, and not used in saturator temperature control.

All three temperature probess(I Ts,, and Ex) are uniquely configured to work within a vacuum
environment. While each probe is sealed, they are not fully hermetic. Therefiser] ags, the

internal gas environment within the probe sheath surrounding the sensing element may

eventually succumb to the effects of the vacuum environment. Vacuum around the sensing
elementwould resultin loss of adequate thermal contact due to a lack of molecules to transfer

heat. The G3 overcomes this potential problem by allowing the probes internal sheath to remain

at atmospheric pressungile physically residing within the vacuum chamber. The probe sheath

is sealed to a pressure tube that is vented to the environment outside the vacuum chamber. This
all ows the chamber to retain vacuum while the
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6.7 Auxiliary Heaters

6.7.1 Outlet Tube Heating

Heaters on the saturator outlet tubing are used to assist in the purge process, driving condensed water
vapor from undesired areas of the saturator outlet. In addition, they are used to warm the gas to a suitable
exit temperature. Thermometers on the tbaters measure the temperatures and are used to control

fixed frequency PWM output signals. Both saturator outlet heaters operate from 24 VDC. The heater
closest to the saturator outlet is connected to RLY 4 of the MCB. The other heater (optionat), locate
further from the saturator but over a longer area of the tube, is connected to RLY 3.

6.7.2 Flow Controller Heating

Depending orthe specific G, heaters may alsxiston the flow controller to assist in drying the flow
controllerbés gas path. FIl ow controller temperatur
and is queried along with its other parameters. Heating of the flow controller is accomiblisiuggh

fixed frequency PWM of contact heaters (if installed) on the outside of the flow controller body. The flow
controller heater is connected to the MCBO6s RLY 7
the vacuum chambehe heater(if it has onejs connected to RLY 8.

6.8 Pneumatic System

Thepneumatic system is responsible for control of gas flow and pressures throughout the system. The
pneumatic system consists of the following major components: préskiregulatorregulated
pressure measuremesat pressure regulat@aturator, floncontrol valve flow meter,and gas outlet

Compressed air enters the system at the back fitiimgl labeledGasIn. The Gas In fitting is connected
via tubing to the pressure regulator.

Water fill port

———< (ot panel)
Over-
pressure
3 Check Valve

J’//

Vacuum
Chamber

Pt connection
(front panel)

solenoid

Gas Out

Pressure
Controller

Gas Inlet

(rear panel) {_Gen

Flow Gas Outlet

Vent Controfler (front panel)

Relief
valve

Vent
(rear panel)
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6.8.1 Regulatorand Pressuresensor

The pressure regulator is used to regulate the system
pressure, isolating it from upstream pressure variation:'
Gas enters the regulator assembly. iftet pressure
safety relief valve protects the system from input
pressure in excess 800 psig. The regulated pressure
safety relief valve protects the system from regulated

is adjusted by turning the knob to increase or decreasds
the regulated pressure output.

Regulated

Pressure should be adjusted between 35 psi minimu

and120 psi maximum but should always be set for a pressure Regulated
value below your available supply pressure. sensor pressure
Regulated pressure output is indicated on the attache@ W safety relief

dial gauge and is also measuredthy Regulator

Pressure Sensor through 3Df the MCB. Inlet pressure

safety relief

pressure controller.

6.8.2 Pressure Controller

The pressure controller is used to maintain a selectabl
pressure within the saturator, independent of flow tate
has an integral gauge pressure sensor with measure
relative to its ambient environment pressure. Since th
controller is located within the vacuuthamber its

ambient environment pressure is vacyomQ This

causes the sensor to effectively measure absolute
pressure rather than what we would traditionally refer
as gauge pressure.

Pressure regulation of the saturator is accomplished v§
an internal closed loop control using its pressure
measurement arits proportional solenoid valve. Rather
than relyng on the integrated pressure raegement for
system accuracy, ldgher accuracy independent pressu
is used to measure the saturator pressure. Any differe
between the two sensors are automatically accounted
to ensure the saturator is controlled with the highest i
accuracy measurement.

Controller powe12 VDC)and communication is via
UARTO,a t a d dan a sudtidropfR&§232
connectionThis multi-drop RS232connection is shared with the flow controll®ueries go out from
theMCB on UART 0_Z. Replies from the pressure controller are received on UART 0_A. Signal ground
connection is at UART 0_GND. Typical communication occurs at 19200 baud, 8 data bits, 1 stop bit, no

parity.
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6.8.3 GeneratéPurge Solenoid Valve

The Generat®urgeSolenoid Valve is anagnetically lockinglirectional valve used to determine the

entry point of gas flowing into the saturator. When generating, gas flows out the center stem of the valve
and is directed into the bottom of the saturaBas then flows up and out the top of the saturator. This is
the normal direction while generating.

When purging or fillig with water, gas flows through
thebase of th&eneratéPurgevalve and is directed into
the top of the saturator. If the vent solenoid is closed, ¢
may flow through the flow controller. This allows dry
gas to be used to dry out the top gas exit tube of the
saturator, resulting in a purge mode. If the vent sotenogsg
is open, gas flows from top to bottom in the saturator
allowing the saturator to be filled with water while also
pushing out any excess.

Flow direction through the Gener&®ergevalve isset
via an actuating pulsikom MCB RLY 5 (Generatepr
RLY 6 (Purge) The valve magnetically locks in the last
set position.

g GeneratfPurge
Solenoid Valve [

6.8.4 Saturator

The saturator is an efficient heat exchanger constructdis

\
y {
from disks of solid copper. Channels for water and gas i "
are machined into the solid disks which are then nicke Q .
plated,stacked, and vacuum brazed into a single, soli

column structure. Normal flow is bottom to top. Purge
flow is across the top plate only. Flow during water fill/clear is top to bottom.

6.8.5 Flow Controlleri Alicat

Flow controllefs) measurend controthe flow rate
through the saturator and finally through de(sgender
test It is powered fromi2 VDC and is read via R332
communication. It is connected directtytheMCB®6 s
UART 0. Powerto the flowmete(12 VDC)is provided
by UART 0 12+ and UARTO. Measurements from the
flow meter are queriedt addresss6 F 6 6 G6, a
Flow 1, 2, and 3 respectivelghd received via R332.
Queries go out from thlCB on UARTO_Z. Replies
from the flow meter are receid on UARTO_A. Signal
ground connection is at UARTO_GND. Typical
communication is at9200baud, 8 data bits, 1 stop bit,
no parity.NewerG3 systems only use Alicat flow contro
on Flow 2. Flow 1 and 3 are handled via Stepper valve
and flowmeter (see secti@8.6Flow Control- Stepper
Valve and Flowmetgr
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6.8.6 Flow Control - Stepper Valve and Flowmeter

The flow controller(s) mentioned in secti6ér8.5work well when '
generating frost pointalues warmethan about70 °C. For lower values, a ST ‘o
different flow control approach is utilized. This alternate approach relies |l & i .
a custom designed linear positioning needle valve placed within the vac

chamber.

For control feedback, flow measurement is made via a separate flowme
Although the flowmeter physically resides
outside the vacuum chamberisihermetically
sealed (all welded construction and connection
no elastomers). The flowme(syreceive 24
VDC powerandareread via R$85
communication on device addreis®, or3 (for
Flow 1, 2, or 3)orglobally on addres254
(depending on system configuration). Typical
communication parameters are 9600 baud, 8 b
1 stop bit, no parity-low metersshare
communicatios with other devices on UART2 of
the MCB.

The needle vahs physically located within the vacuum chamlzeg
actuated via stepper motor driven linear actsatachstepper motor is
physically located outsideinderneattthe vacuum chamber. The stepper
motors areeachoperated by a stepper motmmtroller connected to the
MCB via either R&232 or R$485, address as device 1, 2, or 3 (for Flow 1

2, 3), and connected via UART 0. The stepper motor contediepowered =74
by 24 VDC.

6.8.7 Vent Solenoid

For venting the saturator of pressure, and for draining of excess water
during filling operations, the G3 is equipped with a vent solenoid. The v
valve is a normally closed solenoid valve.

To vent, the solenoid is energized via RLY 11. Wheswlergized, the vent
valve is blocked.

It is phy
outl et tu

sically | ocated undern
be connects to the vent

6.8.8 High RangePressure SensoRh

Thehigh rangepressure sensoPh, continually measurdése saturation
pressure. It is powered frof? or24 VDC (depending on make and model){i i\
andis read via R8185 communication on device address 01. It is connect {1}
directlyto theMCB6 s U A RO poverto the presure sensor is provided_ |
by UART 2. Measurements from the pressure sensor are queried and
received via addressable R85, 2wire, haltduplexmodeRS485
connection between tiCB and pressure sensor occur on UARTZand
_Y. Communication grameters are typically set@00 baud, 8 data bits, 1
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stop bit, no parityThe UART 2 communication channel is also shared with the other pressure sensor PI,
the vacuum gauge, and the vacuum pump.

If Keller brand pressure sensors are utilized, communication with pressure sensors is made via a separate
connection on UART 3 rather than a shared connection on UART?2.

6.8.9 Low Range Pressure Sensd?|

The low range pressure sensor, Pl, measures the saturation pdessuy¢hose timewhen sat pressure

is low enough to be within its measuring rangéen this occurs, the sensor shares its time between
measurements of the saturator, and measurements of the external (front panel) pressure. Use of the low
range sensor for measurement of the saturator is activated by energizing RLY Seaedgiteng RLY

10 of theMCB.

When the saturation pressuigesabove the measuring range of thisyy CREEELL A
sensorthe low range sensor disconnects from the saturator. The 1
saturator is once again monitored only by the high range sensor . & BE }
freeing the low range sensor to exclusively monitor the external (fn\ \ ! T i
panel) pressure. Use of the low range sensor for measurehtieat o “ 1}
external (front panel) pressure is activated bydergizing RLY 9 \
and energizing RLY 10 of thelCB.

The sensois powered from 24 VDC and is read via-B8b
communication on device addré¥ It is connected directly to the
MCB6 s U A B powerto the pressure sensor is provided by
UART2. Measurements from the pressure sensor are queried and
received via addressable R85, 2wire, halfduplex mode R&85 ;
connection between thdCB and pressure sensor occur on UART 2% vt
_Z and _Y. Communication parameters are typically set at 9600 b
8 data bits, 1 stop bit, no parity. The UART 2 communication cha \

is also shared with thether pressure sensor,Rhe vacuum gauge, N
and the vacuum pump.

If Keller brand pressure sensors are utilized, communication with pressure sensors is made via a separate
connection on UART 3 rather than a shared connection on UART?2.

6.8.1(External Pressure Sensor

There is no dedicated external pressure sensbei®3. Rather, the low range sensar,ifused to
monitor external (front panel) pressutiene-sharingwhen needetietween the exterhéront panel)
pressure and the saturation press8e=6.8.9for further details.
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7Cal i1 brati on

7.1 Pressure Calibration

Proper calibration of the transducers used for measurement of saturation and test instrument pressure is
needed to ensure adequate system performance. There are two separate sensors, each with a different
operating range. Calibration of these two senduoslg be performed individually, one at a time.

7.1.1 Calibration of Low Range Transducer
1. Set the Saturator Pressure setpoint to O (it will sikemi ni mum but t hat dés ok).

e i

Set all Flow Rate setpoints to 0.

Unplug thegreen connectorat RLY 9
and RLY 10of the MCB (see section
6.8.9. This pneumatically isolates the

pressure transducer. [

4. Remove the 10 Swagel o kil
CAL port of the pressure transdueeanifold.

5. Connect a pressure calibrator (a source of regul
pressure and a pressuederence) to the CAL port.

6. Foreasyvisualization of steady conditions, show %
Pslon a graph.

7. Inthe secondary data window, shbaw Range
Pressure Coefficientdn addition to the
transdoeéeéfdsi ent s, you
PressureandRaw Readingf the transducer.

8. Apply a minimum of 4 different calibration
pressures over the range of the transducer. Since
low range transducer is a barometer, its
measurement range is approximately 800 to 120(
mb (11 to 17 psia).

9. For each applied pressure, record your Reference
Pressure along with the Raw Reading and Press
of the transducer. This information can be used &’
your As-Foundcalibration data.

10. Using theReference PressureandRaw Readinglata, compute new calibration coefficients AO,
Al, A2, and A3 to the formula

P = A0 + Al*Raw+ A2*Rawf + A3*Raw’
where P is Reference Pressure
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Rawis Raw Reading

11. Enter the new coefficient into the appropriate field ofltbev Range Pressure Coefficients
window.

12. Rerun the pressurealibration points again to collect your-Asgft calibration data.

13. Disconnect the pressure calibrator from the CAL port.

14.Rei nstall the 10 Swagelok cap on the CAL port.
15. Reinstall the green connectors of RLY 9 and RLY 10

Range of reasonable expected values for AO0éA

Coefficient Default Expected range of computed value

A0 0.0 Value of AO should be between 0 and =1

Al 1.0 Value of Al should be between +0.9 and +1.1
A2 0.0 Value should be between 0 and #3E

A3 0.0 Value should be between 0 antE-9

7.1.2 Calibration of High Range Transducer
1. Set the Saturator Pressure setpoint to 0 (it w

2. Set all Flow Rate setpoints to 0.

3. Unplug the green connectors at RLY ¢ REGEUEO@B | | 0o asesr=ggm |
-1 3 e - - AN
and RLY 10 of the MCB (see section e < ——_‘j ‘;!!;g,-;—l\

6.8.8. This pneumatically isolates the !
pressure transducer.
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4. Remove the 1/ 80 t ubhe
pressure transducer manifold.

6. Foreasyvisualization of steady conditions, show
Pshon a graph.

7. Inthe secondary data window, shbligh Range
Pressure Coefficientsin additiontotheé r an s d
coefficients, yRrassurahd a
Raw Readingf the transducer.

8. Apply a minimum of 4 different calibration N —
pressures over the range of the transducer. The : '
measurement range of the high range transducer
approximately ambient to 10 bar (ambient to 145
psia)althoughthe pressure never exceeds 8 bar in !

use. \
9. For each applied pressure, record your Referencel

Pressure along with the Raw Reading and Pressuf, s

of the transducer. This information can be used as

your As-Foundcalibration data.

10. Using theReference PressurandRaw Readingdata, compute new calibration coefficients AO,
Al, A2, and A3 to the formula

P = A0 + Al*Raw+ A2*Raw + A3*Raw’

where P is Reference Pressure
Rawis Raw Reading

11. Enter the new coefficient into the appropriate field ofl#gh Range Pressure Coefficients
window.

12. Rerun the pressure calibration points again to collect yodeéscalibration data.
13. Disconnect the pressure calibrator from the High port.
14.Rei nstall the 1/p&0 tube to the HI GH
15. Reiinstall the green connectors of RLY 9 and RLY 10

Range of reasonable expected values for AO0éA

Coefficient Default Expectedrange of computed value

A0 0.0 Value of A0 should be between 0 and +1
Al 1.0 Value of Al should be between +0.9 and +1.1
A2 0.0 Value should be between 0 and *3E
A3 0.0 Value should be between 0 and +QE
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7.2

Temperature Calibration

Propercalibration of the sensors used for measurement of the saturator temperature assures adequate
system performance. There are three sensors used for measurement of the §auratsl;, Tsx)
Optionally,there are two additional senstrannels availabl€rx1, Tx2) The use of these additional
channels is dependent on user requirements.

7.2.1 Calibration of SatTemperatureProbes(Tsu, Tsl, Tsx)

Calibration of the saturator temperature probes requires access into the vacuum chamber.

1. Refer to sectiol.1ExtractingRetractingvacuum Chambeto pull the entire vacuum chamber
forward for better access.

2. Refer to sectio®.2 Opening Vacuum Chamb#r open the vacuum chamber, gaining access to
temperature probes inside.

3. Secure the vacuum chamber in the open position.

4. Note the location and identification of the three temp probes installed in the saturator.

5. Remove theéemperature probes and wipe them with a cloth to remove thermal grease residue.

6. Unbundle the excess wire allowing the pretiebe located away from the vacuum plate. Do the
same for all three probes.

7. Install the probes in your temperature calibration bath along with your reference thermometer.
You can calibrate them all together at the same time.

For easy visualization of steady conditions, sii®u, Tsl,andTsxon a graph.
In the secondary data window, shdemperaturesThis wincdbw showdemperatures and
resistances dll probes.

10. Using the calibration bath, run at least 4 temperature points over the desired range. A range of at
least-90 °C to +10 °C ipreferablehowever a larger range may also be used for purposes of
calibration. For the lowest point, an LN2 calibration may be a suitable option.

11. Record the Ad-ound data for each calibration point which consists of Reference Temperature,
Probe Temperature and Probe Resistémceach probe being calibrated

12. Using the Reference Temperature and Probe Resistance, compgriesitie andc coefficients
to theCallendasVan Duserequation

R = Ro[1+at + bt?+ c(t-100)8]
where Ris resistance of the probe in ohms, and
t is theReference Temperature in °C

13. Select the secondary window for the specific probe, suffisa$ Sat Temp Upper Coefficients
and enter the ne®oq, a, b, andc coefficients.

14. Press thé&ave Coefficientbuttonto store the new coefficients to the G3 permanent memory.

15. Repeat steps2 throughl4 for each of the remaining probes being calibrated.

16. Rerun the temperature calibration points to record youl&f calibration data.
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17. Using a syringe or other suitable instrument, insert a small amount (~0.5 ml) of low temperature
thermally conductive vacuum grease into the hole where the temp probes wilhbtalled.
(Apiezorf N cryogenic vacuum greasessitable)

18. Recaoil excess cable accordingly arthsert each probe it the proper location to an insertion
depth of 50 mm (20).

19. Refer to sectio®.3 Closing Vacuum Chambeéo close the vacuum chamber. Pay attention to the
radial alignment mark when doing so.

7.2.2 Calibration of External TemperatureProbes(Tx1, Tx2)
Plug the probe cables into the front panel connectors.

2. Install the probes in your temperature calibration bath along with your reference thermometer.
You can calibrate them together at the same time.

For easy visualization of steady conditions, sifod andTx2 on a graph.

In the secondary data window, sh®emperaturesThis window shows temperatures and
resistances of all probes.

Using the calibration bath, run at least 4 temperature points over the desired range.

Record the Ad-ound data for each calibration point which consists of Reference Temperature,
Probe Temperature and Probe Resistance for each probe being calibrated.

7. Using the Reference Temperature and Probe Resistance, comRieaitie andc coefficients
to the Callendaan Dusen equation

R = Ry[1+at + bt2+ c(t-100)f]

where Ris resistance of the probe in ohms, and
t is theReference Temperature in °C

8. Select the secondary window for the specific probe, sufhxd$ External Temp 1Coefficients
and enter the neRo, a, b, andc coefficients.

9. Press th&ave Coefficientbutton to store the new coefficients to the G3 permanent memory.
10. Repeat stepgthrough9 for each of the remaining probes being calibrated.
11. Rerun the temperature calibration points to record youléf calibration data.
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8Vacuum Chamber

8.1

1.

Extracting/Retracting Vacuum Chamber

Remove the front panel for access to the vacuum chamber. It may be best to remove the side
panels as well.

As the top front panel moves with the y i e
vacuum chamber, y ou s 4
from the G3 frameTo do so, reach up into ' ‘

the front top panel corners and loosen the : ; ‘

thumb screws from each side that are .
securing the top panel to the frame. Do not
remove the screws completely. They only
need to be loosened to allow the panel to
move with the vacuum chdar.

R S—

The center portion of the lower rear panel alsc
moves with the vacuum chambeZompletely
remove the 6 thumb screirem the center
portion, albwing it to move freely with the
vacuum chambeSave them for later
reinstallation.

The leftslide rail is fitted with a retaining pin
for transportation. Remove the pin by
depressing the center button and pulling it
straight out from the rail. Move it clear of the
rail to prevent interference with slide rail
movement.
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5. Unlock the $de rail by pressing down on the yellow tal
with your hand or footSlide the chamber out abdaito
8 inches only Use caution when sliding out chamiér
sliding out too far, the system may tip forward.

6. Position the roller kick stand for balance. Reach unde
chamber assembly and pull pin lever to release kick
stand from its locked position. Rotateekick stand 90
degrees downward. Ensure the pin locks in place witt
the foot in the downward position.

7. ltis now safe to extend the chamber fully outward toward the front. The foot will prevent the G3
from tipping.

Retraction of the vacuum chamber is the reverse of extraction.
8. Push the chamber inward toward the frame, stopping short about 6 inches.

9. Pill the pinlever on kick stand and rotate the stand up 90° tdhtirezontalposition. It should
easily lock into position.

10. Push the chamban fully until the slide locks into position.
11. Tighten the 4 top panel thumb screws which secure the top panel to the frame.
12. Re-install the 6 thumb screws in tleverrear panel.

13. Re-insertion of the slide locking pin is optional if the system is not intended for movement or
transport.
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8.2

a > oD

10.

Opening Vacuum Chamber

Warm the saturator to a temp of 20°C. Since the saturator exterior will be exposed to room
ambient air during the calibration procedure, warming the saturator prevents unwanted
condensation on its outer surface.

Set the Saturator Pressure setpoint to 0.
Set all Flow Rate setpoints to 0.
StopCooling.

StopVacuumand wait a few minutes for the vacuum
pumpos taslowbblow2e0 Hz.

Refer to sectio®.1 ExtractingRetractingvacuum
Chambeto pull the entire vacuum chamber forward
for better access.

Remove the gray striped hose on the right side from
its upper Stirling fan shroud. Push it back and out of
the way.

Slowly open the vacuum vent valve on the top right
side of the chamber. This allows air to enter the
chamber. The mechanical gauge on the top front of
the chamber will begin to rotate clockwise toward 0.
Wait until O pressure is achievatienopen the valve
completely

Remove all 8 vertical columns by rotating counter
clockwise asiiewedfrom above. The hex bolt is pockete
on the underside of the top plate. The column may nee
be lifted for the bolt to travel. This allows better clearan
for removal.

Usingam8mMmor5/160 hex key,
screws holding the top chamber plate. This
done slowly and in sequence to avoid dama
to plate and/or acrylic tube. Use a star patte
skipping 2 screws between each one that yq
turn, continuing in a circular pattern. Loose
first screw approximately % turn then move
to next screw in the sequence. Repeat this
pattern until all eight screws are fully
loosened and can be removed. For examplé
if the screws are numbered in a circle from
to 8, loosen in the following order: 1,74,2,
5,8, 3,6.
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11. Using a small flat blade screwdriver, loosen
the screws holding the R&32 connector to
the leftmost MKS flowmeter. Remove the
RS-232 cable from the flow meter to make
room for chamber removal.

12. Once the top chamber plate is ready to be
removed, hold the ring plate underneath wit
your fingers and apply pressure with thumbsg{
on the sterling flange. Lift and rock the platef)
slightly in different areas until acrylic clears
bottom plateO-rings.

13. Lift the plate upward to access the inner
chamber.
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8.3 Closing Vacuum Chamber

Chamber reassemblylimsicallythe reverse of removal

1. Inspect the @ings and sealing surfaces for cleanliness. Remove any debris that may affect
sealing.

2. Place chamber back in place. Riyse
attention to the alignment mark on the top for
proper radial alignmentmproper radial
alignment will result in misalignment of outer
upright support bars in step 5 below.

3. Reinstall the &ocket screwand tighten them
slowly and evenly using the star pattern
mentioned previouslyContinue to pay close
attention to the alignment mark as you tighte

Snug up all 8 bolts evenly. Do not overtighte

Install the 8 outer support baihe hex bolt
fits up into the hex pocket on the underside o
the top plate. As you spin clockwise, thegport rodassembly lengthens and fits nicely into the
round hole below itLOOSELY FINGER TIGHTEN ONLYto the point where the support
touches both the top and bottom plat@® NOT OVERTIGHTENOnce vacuum is applied to
the system, the support bars will become tight.

Reattach the MKS flowmeter RE32 connector and tighten in place with a small screwdriver
Reattach t he upgmestripefanihasd i ng cool er 6s

Close the vacuum chamberventvaWh en ¢l os e d, tilltbbeehorizentalané 6 s | ever
pointing inward.

9. Startthe vacuum pump.

10. Observe the vacuum gauge for proper evacuation. The needle should begin moving counter
clockwise indicating that evacuation is occurring.

11. Press the yellow slide tab and slide the system back toward its normal position, stopping about 6
inches short.

122Reach in to release center foot by pulling its
when horizontal.

13. Slide thesystenthe rest of the wain until the yellow tab locks the slide in place. It is not
necessary to install the locking pin (unless you plan to relocate or ship the system).

14. Replace 6 thumbscrewstime lowerback panel.
15. Retighten 4 thumbscrews inside upper top panel edges.
16. Replace side panels.

17. Run the system normally.
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