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Introduction

1 INTRODUCTION

The RH Systen3GS240Humidity Generatois a system capable of continugusghaccuracyhumidity

generation over a wide range of humidity, temperature, and flow rates. J&&40design isan RHS hybritivo-
pressure twetemperature systenbased on the fundamental twpressure principle originally developed by NIST.
The basis of this principle and its original development are discussed below.

1.1 BACKGROUNOF HUMIDITY GENERATION

In 1948 at the U.S. National Bureau of Standards (now the National Institute of Standards and Technology), E.R.
2SFPGSNI FYR wod wifSe RSOSE2LISR | aLINBaadzaNE YSUK2Ré F2NJ
termed thetwo-pressure principlenvas derived from measurements of temperature and pressure rather than
requiringmeasurements ofvater vapor.

Using their technique, air or some other gaas saturated with water vapor at high pressure and then expanded

to a lower pressure. When saation and expansion were pfarmed underconstanttemperature condions, 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 artgigrgratureconditions.

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

In 1951 also at the National Bureau of Standarttie two-pressure principle was the foundation on whi&h

Wexler andR.D. DanielR S @St 2 LISR | cK/d3WA RIALINGS al3LdENISNJ -lowzéapabiliyA AndthekK A 3 K S NJ |
significant improvement was the incorporation of temperature control. Developed primarily for hygrometer

research and calibration, it was capable of producing atmosghef known relative humidity from 1%RH to 98

%RH ovem fairly widetemperature range;40°C to +40 °C.

Wexleralso designed and constructed a wmidity generator based on a method termed ttveo-temperature
principle With the twotemperature 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 SCOPE

The CG840Humidity Generator is a portable, selbntained system which produces stable atmospheres of
known humidity and temperature using the taemperature, twepressure saturated vapor stream principle. Its
capability and intended purpose is to provide acceratmidity and temperature for the calibration of humidity
sensors, hygrothermographs, chilled mirror hygrometers, and other environmental measuring devices.

CG&40 Manual 9/8/2026
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2 THEORY OF OPERATION

2.1 TWOPRESSURE PRINCIPLE

In an ideal twepressure system, a stream of gas at an elevated pressure is saturated with respect to the liquid or
solid phase of water and then expanded isothermally to a lower pressure. Measurements of the pressure and
temperature of the gas stream, biotat saturation and after expansion, are all that is required to determine the
resulting humidity content of the expanded gas stream. The-pressure system is shown in Figure 1.

Inlet Expansion Exhaust
Saturation Valve Chamber Valve

PressurepPs %ﬁ Pressurep:
High
%
Pressure O Atmosphere or

Vacuum Source

Source

A 4
|

Saturator Chamber

Constant Temperature Batfis=Tc

Figure I Simplified schematic diagram of the twwessure principle wher&sis saturator temperatureJcis
chamber temperature, ands = Te.

A two-pressure generator is commonly used in the generation of a range of relative humidity values at fixed
temperatures. The saturator and chamber share a common fluid bath temperature and are, ideally, in thermal
equilibrium with each other. In this casehere saturator temperaturels and chamber temperaturél,g are of
nearly the same value, the generated relative humidity may be approximated by the ratio of the measured
saturated gasstream pressure (saturator pressure) to the measured chamber pressure by using the simplified
expression

Lid

Ps

RH = aoo
where Pcis the absolute chamber pressure

Psis the absolute saturation pressure.

Please note that the above expression ignores the use of enhancement factors which accountiftealon
properties of the air / watewapor mixture, and is therefore only an approximation. More exacting equations
which include enhancement factors are udaternally within the system.

CGL40 Manual 9/8/2026
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2.2 COMBINEDIWOPRESSURBNDTWOTEMPERATURE PRINCIPLE

The twopressure principle described above can be combined with atemgerature principle to form a

combined TwePressure, Twd emperature system which exploits the benefits of both architectures. In addition to
measurement of saturation and chamber pseses (as in the case of a typoessure system), a combined two
pressure twetemperature system also relies on measurement of saturation and chamber temperatures to fully
determine the resulting humidity. A combined twppessure twetemperature system ist®wn in elemental
schematic form irFigure 2 Simplified schematic diagram of the typoessure, twetemperature principle where Ts
r¢eO0 FyR ta rto

Saturation Chamber
Pressure, P, Expansion Pressure, P,

@ Valve @

Exhaust
Inlet Valve
Valve
) Atmosphere or
High Pressure o Vacuum Source
Source
ER:
Saturator E = Chamber, or
E A Point of Use
Controlled Temperature, T, Controlled Temperature, T,

Figure2t Simplified schematic diagram of the twwessure, twetemperature principle wherds TcandPs P..

Here, the temperature of saturation, Ts, and temperature of the chamber, Tc, may be controlled independently of
each other if desired. By allowing the saturator and chamber to operate at different temperatures from each
other, a wider variety of humidityalues may be generated with reduced requirements on the height of saturation
pressure required. Regardless of whether the saturator and chamber are operated at the same temperature, or at
temperatures different from each other, all humidity calculationky ren the two pressures (Ps and Pc) and on the
two temperatures (Ts and Tc).

2.3 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.

2.3.1 SATURATION VAPOR PRES&YHER WATER

Saturation vapor pressure overater at a given IT90 temperature in the range100 °C to +100 °C is defined by
the formula

as
e:expg_ giT 2 +g7InTC
ci=0 g

O: OO

@)
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where eis the saturation vapor pressuraen(Pascals) over liquid water in the pure phase

Tis the temperature in &lvin

and go= (2.8365744-19
gi= ¢6.028076559-1D
g2= 1.954263612-10
gs= (2.737830188-18
ga= 1.6261698-1¢
gs= 7.0229056-16°
gs= ¢1.8680009-16°
gr= 2.7150305

2.3.2 SATURATION VAPOR PRESSURE OVER ICE

Saturation vapor pressure ovireat a given IT90 temperature in the rangel100 °C to 0.01C is defined by the
formula

a4
e:expg kTl +ksinT
Cr=0

oo

&)

o

where eis the saturation vapor pressure ([ascals) over ice in the pure phase

Tis the temperature in &vin

and ko= €5.8666426-19
ki=  2.232870244-10
ko= 1.39387003-16
ks= (3.4262402-18
ke=  2.7040955.-1€
ks= 6.7063522-16

2.3.3 ENHANCEMENT FACTOR

¢CKS aSTFSOGADSE al GdzNI GA2Yy @FLIR2N LINBaadz2NB 2SN g1 G§SNJ 21
saturation vapor pressures given in Equations 1 and 2. The effective saturation vapor pressure is related to the

ideal by

s r Sié (3)
where éAd 0KS aSTTSOGAGSE al ddzNF GA2y @I LI2 NJ LINS & & dzNB

eis the ideal saturation vapor pressure (as given in Equation 1 or 2)

and ais the enhancement factor

CGS40 Manual 9/8/2026
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The enhancement factor, for an air and watexpor mixture, is determined at a given tempgrnee and pressure
from the formula

) ea eq, ,aP .»
a=expa S- -0+ b% - 1§ 4)
gag P ce %
3 .
with  a=3 aT' ®)
i=0
as e
and b =e><p?obiT 8 (6)
1= -

where Pis the total pressure in the same unitses
Tis temperature irkelvin

and ai, b depend on temperature range and are given as

for water:

223.15 K to 273.15 K50 °C to 0 °C) 273.15 K to 373.15 K (0 °C to 100 °C)
ao= ¢5.5898101-1¢ ao= ¢1.6302041-1¢

ai= 6.7140389-1¢ ai= 1.8071570-1¢

Q= (2.7492721-1¢
as= 3.8268958-1¢
bo= ¢B8.1985393-1b
bi= 5.8230823-1¢
b2= ¢1.6340527-1¢
bs= 1.6725084-1%

173.15 to 223.15 K100 °C taz50 °C)

ao= (7.4712663-1%
ai= 9.5972907-1¢

a= ¢6.7703064 1%
as= 8.5813609-1¢
bo= ¢5.9890467-1b
bi= 3.4378043-1¢
b2= ¢7.7326396-1¢
bs= 6.3405286-19

223.15 t0 273.15 KbO °C to 0°C)

ao= ¢7.1044201-1%
ai= 8.6786223-1¢

CG£40 Manual
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a= ¢4.1935419-1¢ a= ¢3.5912529-1¢
as= 6.2038841-1¢ as= 5.0194210-1¢
bo= ¢1.0385289-1® bo= -8.2308868:1b
bi= 8.5753626-1¢ bi= 5.6519110-1¢
b2= ¢2.8578612-1¢ b2= ¢1.5304505-1¢
bs=  3.5499292-1¢ bs= 1.5395086-1¢

2.3.4 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 and atbe solved by itettdon. 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 pressure is known, use the effigients to obtain

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

3¢ (ine)
= (7)
4 d,(ine)

i=0

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

with coefficients

for water: for ice:

co= 2.0798233-18 co= 2.1257969-18
ci= ¢2.0156028-1b c= ¢1.0264612-1b
2= 4.6778925-1¢ 2= 1.4354796-1¢
c3= (9.2288067-1¢ = 0

do= 1 do= 1

di= ¢1.3319669-1¢ di= ¢8.2871619-1%
d2= 5.6577518-1¢ d2= 2.3540411-1¢
dz= ¢7.5172865-1¢ ds= (2.4363951-1€
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2.4 HUMIDITY EQUATIONS

The following equations are used in tE&S240to calculatevarious humidity parameters. These equations are
not approximations, but rather account for the temperature differences between the saturator and chamber, and
the nonrideal behavior of water vapor when admixed with air or other gases.

2.4.1 RELATIVE HUMIDITY

Percent relative humidity is the ratio of the amount of water vapor in a gas to the maximum arpossibleat
the same temperature and pressure. For tyessure, twetemperature systems, it is defined by the equation

RH :&('98”—*('100 ®)
€i

S

which thenexpands to

P .f
RH ==& & aoc ©)
S f eC
where P.is the absolute chamber pressure

Psis the absolute saturation pressure
& is the enhancement factor at chamber temperature and pressure
&is the enhancement factor at saturator temperature and pressure

ecis the saturation vapor pressure at chamber temperature

and esis the saturation vapor pressure at saturator temperature

2.4.2 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 dew(note that dew point temperature can exist above or below)0fgw point temperature is obtained
with the following iterative steps.

a. Make an educated guess at the dew or frost point enhancement faatdetting¥s = 1 is a suitable first
guess.

b. Next, compute the dew or frost point vapor pressure of the gas with the formula
A P
€4 =€ O =0~ (10)
& P

c. Use the dew or frost point vapor pressueedetermined in the previous step, along with Equation 7 for
water, to computeT. Call this value the dew point temperatufe

CGS40 Manual 9/8/2026
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Theory of operation

d. Use the dew point temperatur&, chamber pressure., and Equation 4 for water to compute the dew or
frost point enhancement factota.

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

2.4.3 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 enhancement fagt@etting¥s = 1 is a suitable first
guess.

b. Next, compute the dew or frost point vapor pressure of the gas with the formula

5 p
ey e, O @ (10)
& Ps
c. Use the dew or frost point vapor pressuzedetermined in the previous step, along with Equation 7 for
ice, to computel. Call this value the frost point temperatute

d. Use the frost point temperatur@, chamber pressurB:, and Equation 4 for ice to compute the dew or
frost point enhancement facto¥a.

e. Converge to the proper frost point temperatufie by repeating steps b through d several times, as
necessary.

2.4.4 VAPOR CONCENTRATIGRMV

Vaporconcentration, traditionally referred to as parts per million by volume (ppis a ratio relating the number
of moles of water vapor to the number of moles of the remaining constits in the gas (the dry gas component).
Once established by the following formula, the vapor concentration is insensitive to further changessureras
temperature, provided there is no subsequent condensation.

vapor concentration = LQSHC--IOG nmmol/mol (1)
s - fs

2.4.5 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

M, Gig @

— / 12
Mg(Ps'asQ}s)gg )

where Mw is the molecular weight of water vapor, 18.02

Mg is the molecular weight of the carrier gas (28.9645 for air).

CGS40 Manual 9/8/2026
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Theory of operation

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

2.4.6 ABSOLUTE HUMIDITY

Absolute humiditydy is defined as the mass of water vapor to the unit volume of humidified gas and is computed
with the formula

MW OfS@SGDC

&= e R

g/m3 (13)

where Ris the molar gas constant®l472

2.4.7 SPECIFIC HUMIDITY

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

M OfsGes /
Mg (Ps- fsas) + My OfsCs 99

q-= (14)
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3 INSTALLATION

3.1 FACILITY REQUIREMENTS

3.1.1 POWER

The generator require200-240 VAC, single phaszA, 50/60 Hz. The systeisisupplied with a custom-3tyle
power cord Oneconnectorfeeds the humidity generator via the upper cabinet receptathie; other connector
feeds the air compressatia the lower cabinet receptacle

The power cord is generally fitted with a NEM&G@Bplug, however other plugs are available upon request.

3.1.2 COMPRESSED GAS SUPPLY

The system requires diitee compressed air or nitr&g to operate and isuppliedwith an internalair compressor
that resides in thedwer cabinet. The pressurized &@rconnected through an air hose to the upper cabinghe
humidity generator.

The system may operate from this supplied air source, or from a user supplied external pressurized gas source. The
recommended pressure is approximately 90 psi but a supply pressure range from 60 23p&i & suitable. It

should be capable of providirgflow rate ofapproximately 20 liters per minute mor&/hen utilizing your own
pressurized gasupply, it should meet the following minimum requirements:

Clean A general purpose 10 micron-iime air filter is generally sufficient to limit particle size.

Dry A pressure dew point of 20 °C or lower is recommended. Liquid water should not be present
FANJ adzlJLX @ tAyS AT LlaairotsS +ra GKAaa O2dz R
drier system.

Oil-free  Oil within the air supply stream is one of the most harmful contaminants to a humidity genera
as it tends to coat the internal surfaces of the saturator, preventing it from producing the corr
humidity. While there are coalescing filters (for liquitiremoval), and activated charcoal filters
(for vaporous oil removal), these oil removal practices are not recommended as oil could still
its way through the filters and into the system. It is best to start with aiffred compressorAn
oil-free compressor elimiates the need for oil filtration / removal.

3.1.3 DISTILLED WATER

This system requires a source of distilled water for operation. The amount required depends on several factors,
including the humidity being generated, the temperature of that generation and the flow Fateinitial

operation, about 5 gallons of distilled water will be required. Additional distilled water will be required depending
on usage which is based on generated humidity, temperature, and flow rate. Generating high temperature, high
humidity, and hit flow rate utilize the most water, while lower temperature, lower humidity, and lower flow rate
utilize the least. Plan on typical usage of about 1 gallon (4 liters) of distilled water per week.

CG&40 Manual 9/8/2026
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3.1.4 FLOOR SPACE

The system dimensions are 52 inches wide, 30 inches deep, 54 % inchés ighx 0.76 m x 1.4 nmfor service
access and swing of the doors, the system should have ZGeem)of free space in the rear and omaehside
and approimately 2 feet(0.6 m)of space in the front.

The system is on casters amay be rolled irio tight areasfor use and rolled out for servicélo secure the system
in place, the caster locks may be engagaeventing the casters from rolling.

3.2 UTILITY CONNECTIONS

3.2.1 AC POWER CONNECTION

The system connects to AC power tia supplied200-240V AC
Y-stylepower cable Plug the two connectormto the systermat
the rear panel (one into the upper cabinet receptacle and one
into the lower cabineteceptacle) therplug the other endnto
your 200240VAC power source.

Turningon the upper abinet rear panel power switchpplies
power to the upper cabinet only which houses the humidity
generator.

The lower cabinet rear panel power switch applies power to th
lower cabinet only which houses the air compressor system.

|

N
Figure3.1

3.2.2 GAS SUPPLY CONNECTWONEN UTILIZING SUPPLIED AIR COMPRESSOR

The lower cabinet houses the supplied air compressor. As shipped, a pneumatic connection is already made
between the lower and upper cabinets to supply the compressed air from the lower cabinet to the humidity
generator housed in the upper cabinéthis connection is via the short blue tuloeated between the rear panel
power switches.

CGL40 Manual 9/8/2026
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Enable the air compressor operation by turning on the lower cabinet rear
power switch.

Figure3.2

Open the lower front cabinet doors and ensure the red knob on the top of the
compressor pressure switch is in the ON positifime air compressor should
begin running and continue until its maximum (@uit) pressure is achieved.
The current tank pressure is indicated on the tank mounted mechanical
pressure gaugelhe air compressor WI|| cycle between its lower {itytand

Figure3.3A Figure3.3B"ON" Figure3.3C"OFF'

Ensure the orange pneumatic valve is also in the OPEN positionfsagtitiow
in-line with the hose connections and pointing away from the air compressor.

Figure3.5"OPEN Figure3.6" CLOSE[

Figure3.4

Adjust the pressure regulator at the back of the unit to approximatebp5@si, see section.1.5.3

CGL40 Manual 9/8/2026
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3.2.3 GAS SUPPLY CONNECTION WHEN UTIAXINXSTERNAL PRESSURIZED AIR SOURCE

It is possible to operate the humidity generator from an external pressurized air s®afme connectionensure
the externalpressurizedair sourceis clean, dry, and eftee as identified in section 3.1.A.regulated pressure of
approximately60 to 120 psig is recommended.

Prior to connectiorof an external pressurized air souresmsure theinternal air
compressothat was supplied with the system turned off(Figure 3.4 and the
pneumaticvalve is closedr{gure 3.7. If not using the supplied air compressor,
the lower rear panel power switch may also be turned off.

Disconnecthe short blueo ¢ R A Ipné@mati Ndnnection tube from the
upper cabinet fitting. Do so by pressing upward on the end of the fitting whe
the tube inserts, while simultaneously pulling downward on the tube to remos
it. Connect your external gas supply to this upper cabinet gastonnect
fitting usingl & G I y dutell@meteslexible hosgsuch as PTFE, PFA,
PUR. Press thdube fully into the fitting to lock it into place.

|
Figure3.7 Pressurized Air Connectic

Turn on your external air source amebwer up theCG&400n the
front panel below the monitor (the back panel power switch of the
upper cabinet must also be on). Press and hold the button on the
side of the air dryer assemb(it is either blue or red/orange in
color)to activate the air inlet solenoid (pictured belowwhen

adjust the internal pressure regulator to a value of at least 5 psi
lower than thelowest pressure expected from your external
pressurized source. This allows the internal pressure regulator to
operate normally and ensure stable pressure to the systéfier
regulator adjustment, you can let go of thed or bluebutton. The
pressure on the gauge will slowly drop to 0, which is normal.

Figure3.8 Pressure Regulator

If the regulator was adjusted more than-30% of its previous
pressure value, then it is recommended to adjust the air bleed to
the fan motor housing, located on the back of the chamber.

To adjust the air bleed to the fan motor housing refer to section
' 7.1.5.3

Figure3.9 Red Button on Air Dryer Solenoid
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3.2.4 DISTILLED WATER CONNECTION

The system automatically siphons distilled water fronDitstilled Water Reservoiocated in the lower cabinet. A
MKY é RAL Y $ubeSshreifistafed int@ theSank to siphon water from thank bottom. It passes through
0KS GFy1Qa 02 @S N inteNBescabingtKchidpeatsd trough afitling dnithé Bpper cabinet,
connecting finally to the presaturator fill pump. eese tubesand connections are primstalled at the factory,
there are no other additional connectiosto makefor distilled water

3.2.5 SYSTENDISCHARGEONNECTION

CKSNB Aa | oy¢ LIALIS O02yySOiGA2y 2y (KS NBI NcddeMHE N 2 F (K.
removed via the air drier.

If your pressurized air source is dry, and you generally operate the
humidity generator at a temperature no warmer than 25 °C, you will
likely never see any water coming from the discharge connection.
However,if you utilize the internal air compressor, or operate the
generator at chamber temperatures above 25 °C, condensation may
occurat this discharge connection. The higher the chamber temperat
and humidity, the more condensation will be present.

,2dz YIeEX AF RSAANBRI O02yySOi |
discharge away from the system to a small drip pan or a floor drain. A
drip pan volume of 0.5 to 1 liter is generally sufficient.

Figure3.10 Discharge Connectic

3.3 INITIAL PREPARATION

3.3.1 COMPUTER CONNECTION

The system is supplied with its own bdiltcomputer and monitor on the rigkgide front paneHoor. Enable the
computer, monitor, and internal control system by pressing the front panel power switch located below the
monitor in the upper right cabinet panel. The switch should illuminate, the monitor should activate, and the
operating system (Windows 16hould boot.Follow section 4.1 through 4.2.1 to launch the RHS Control program
and connect to thecGS240Humidity Generator.

Interaction with the system is via touch screen or physical mouse/keyboard. To utilize the physical
mouse/keyboard, plug them into the USB connectors located at the upper right rear of the system.

Additional connectors (HDMI and 232) are also available at the same location. The HDMI connector is for
attachment of an additional external monitor if desired. TheZRB3 connector allows connection of an external
computer system if desired. An extetr@mputer system could be utilized to operate the generator in the event

of needed firmware updates, secondary system monitoring, or alternate data collection. This connection may also
be utilized for system operation in the event of internal computetesysfailure. There is no need to connect to

the HDMI or R®32 connectors for operation of the humidity generator.
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Installation

3.3.2 INITIALFLUID FILL

2 KSy (KS adeaiSY INNAR@GSa: Al oAttt KIFI@PS AKALIWSR (G2 @&2dz R
coolingfluid (a mix ofglycol and water used for temperature control of the systemd distilled wateused in the
gashumidification procesk Eitherethylene dycol (EGr propylene glycolPG)is acceptable, however if running

at colder temperatures ethyleneglycolis preerred.

CAUTION: The CQ&0 must be filled with cooling fluid before running.

3.3.2.1 FLUID LOOP INITIAL FILLING PROCEDURE

The system cooling/heating looptilizes afluid mixture ofglycoland waterwith a finalglycolconcentration

between30% and50% The system will be supplied with 2 gallonsiefarethylene3 f & 02 f ® to ipji@t t y SSR
approximately 25 gallons ofdistilledwater to mix with it Totalcooling loopsystem capacity is approximately 4

gallons (~16 liters)For units with the-10°option, to run at-10° a mix of~50%glycol concentrations suggested

1 Remove the top and rear panels to gain acdess
the fill bottle. Do so by pressing the two black
panel clips and pulling the panel straight outward
(or upward on the top panel).

1 Open the purge valve located at the top back
center of the chamber. This valve helps to purge
the system of trapped air while fillinghe valve is
open when the orange knob points upward,
closed when the orange knob points to the side.
(In the picture, the valve is closed.)

f Remove the black cap from tlie2 ( {ilf pSrD a
located at the upper left rear corner.

1 Using the supplied funnellavly pour in 1 gallon

of water (do not overflow théfill port).

1 Slowly add in 1.5 gallons glycol(do not
overflow thefill port).

Figure3.12 Fluid Fill Por
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Installation

1 Have about 2 gallons distilledwater readily available, and then start the Chamber Pump and Saturator

Pump Continue to slowly add distilled water u

ntil the reservoir tank is fitdl do this:

o Click theSettingsiconat the top of "1 RHS Control 1.8.4
the screen —
CG5240 G20HD06
x 3 g &2 (#)o =
%
0 Using thenewly displayegull-down
menu, selectMeasurements> [ ]
Manual Controls
~ | [RH] Relative Humidity 25.000
o Click theChamber Pummand oC
Saturator Pumpbuttons to turn them - ) A 0_0_0
on. Figure3.13
2 RHS Control 1.84 2 RHS Control 1.8.4 2 RHS Control 1.8.4
x % @ S [glp a|fx % o S [glp p|fxxa @re™ (oo )
% % e
[ ] I [ ]
~ | [RH] Relative Humidi [20000 ]
b~ [RH] Relative Humidity - | [RH] Relative Humidity LU e P i mc
oC
25212 25.209
n
- [Tc] Chamber Temperature [z2000 ]
~ | [Tc] Chamber Temperature fmin
: [Tev] Expansion Valve Temp Coeffidents 0 O 2
/min
O 0 2 [Tr] Refrigeration Compressor Temp Coeffidents ]
\ '] [P} Low Pressure Coefficients [F] Flow Rate ,muu—‘
[F] Flow Rate ,mm—| [Ph] High Pressure Coefficients 14 1 15 psi
psi]| | el cramber Pressure Settings "
14 1 1 5 [Pc] Chamber Pressure
L] [Ps] Sat Pressure Settings Humidity Control Mode RH
[Pc] Chamber Pressure |[F] Flgw Cosfficente EasE Lo
Humidity Control Mode RH » . O
Run Status Ide Manual Controls & ‘ v
’ "~ Q figuration Import R g
= Info v
Chamber Pump
Measurements v Measurements 7
[RH] Relative Humidity 53,0742 % [RH] Relative Humidity 99,0864 % Sat Pump
[FP] Frost Point 25.0563 °C [FP] Frost Point 25.0563 °C
[DP] Dew Point 25.0583 °C [DP] Dew Point 25.0569 °C Presat Fill Pump. ~
[Tc] Chamber Temperatura 252135 °C [Tc] Chamber Temperatur= 25.2108 °C
[Tcl] Chamber Liquid Temperature 25.1B15 °C [Tcl] Chamber Liquid Temperature 25,1663 °C i, ol o ‘ a | \on
[Ts] Sat Temperature 25,0518 °C [Ts] Sat Temperature 25,0524 °C
[Tp] Presat Tempersture 26.3208 °C [Tp] Presst Tempersture 26,5202 °C P Type here to search
Figure3.14

through the systesrthe level in thdill port tank begins

Stop and Start the Chamber Pump and Saturator Pump a few &imascessario clear the system of

large, trappedair bubbles. The pumps take about a minute or so to ramp up to full spael time they

at least a minute between each Stop/Start sequence.

After pumping for a few minutesand the large air bubbles are cleared, close the purge valve located at

Ensure the tank level is between the labeled center marks by adding water or draining some fluid as

I Turning on the pumps causes the fluid to flow
to drop, addwater to maintain it withinthe i I y13b&led center marks.
1
are restarted Therefore, allovthe pumps to run
1
the top rear center of the chamber.
1
necessary.
1 Stop the Chamber and Saturator Pumps.
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Installation

1 Replace thdill port cap.

1 Afterthe firstfew hours of initial operation, check the fluid level again and adjust as needed to maintain it
GAOGKAY GKS Glhy1Qa t10StSR OSYyGSNI YNy ao

1 The initial fill results in glycolconcentration between 30% and 50%

3.3.2.2 FILL THE DISTILLED WATER RESERVOIR

Distilled water goes in thg-gallon(~20 liter) plastic reservoir
located in the lower cabinetUsingDISTILLED WATER QNL¥his
reservoir to at least half full (approximately 2.5 gallons) or more.
This distilled water reservoir is used in maintaining pine-
saurator water levelneededfor the humidification process.

Important: Use DISTILLED WATER OBbYhotuse DEIONIZED watgas it can be
chemically aggressive to stainless steel and other materials used within the syste|
causing failuredue to pitting, pinholes, and leaks.

Figure3.135 Filling the Reservo

3.3.2.3 PRIME THE PRESAT FILL PUMP

Prior to initial operationpr if the Distilled Water Reservoiank
becomesempty, the preset pump requires priming.

 Ensure the Distilled Water Reservoir is at least half full
1  Fill the supplied syringe by drawidgstilled water intoit.

Figure3.16 Presat Fill Pump Syrin
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Installation

1  With the tube pointing upward,eezethe air from the tube
and top of the syringe. 2 dzQ  ft leagtS30SriRof Wwater
remaining to continue

1 Reach the end of the suction tubley pulling it out from the
bottle.

T tNBaa GKS a&NARy3ISQa Kz2aPR2g
worry about thestainlesssteelnut nearthe end of the suction

tube; it acts only as a weight to keep the tube below the watg
levelduring operatior).

1 Injectat least 20 ml oflistilled water from the syringe through
the suction tube. Water should reach the preset pump to wet
andprime it. Any excess beyond the 20 ml minimum simply
passes through the pump and ends up in the-pa¢uratoras
expected.

1 If the water will not go through, press the Presat Fill Pump
button. This activates the pump for 10 seconds.

1 Remove the syringe arallowthe blue suction tubeto
drop to the bottom of the reservoir, below the water level
The end of the tube and thetainlesssteelnut will rest on
the bottom of the tank.

1 Reinstall the reservoir cagnd place the bottle within the
lower cabinet, being careful not to kink or restrict the
tube.

Figure3.18 Presat Fill Pump

3.3.2.4 INITIAL PREATURATOR FILL

The presat fill pump willattempt to fill the presaturatorautomatically whenever the system is run (section 4.4f2)

the preset is drythe initial presatfill operationmay require up to 5 minutes of pumping tine reach the required

level. he system may shudown during this initial filling operation with a prafilling error. This is normal and is
intended as standard system protection. Simply run the generator again. It may take a few attempts to completely
fill the pre-saturator the first time. Following this initial fill, the psaturator shouldautomaticallymaintain its

proper distilled watetevel drawing from the reservoir as needed.

CGL40 Manual 9/8/2026
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Operation

4 OPERATION

RHS Control is a PC program (available on Windows and Linux) which allows the user to opératedite
generatorsystem. Operation may be manual, through 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 data iimesaboth in
numerical and graphical formats. It also allows for connection to other instruments such as those connected as
Ly Ala |y RS NJ]po8deditiey Hana sefiat data port. For those instruments with a serial data port, a
customized protocol description in the form of a .json file is used to make the data connection. These .json files are
text files utilizing our RHS Descriptor Langutmgdefine 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 filesvaitatde 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 instrument be connected via a serial interface that can respond to command
requestsin a consistent manner.

'S RHS Control 1.8.4 - x

CGS240 G20H006
x 3 g & 4 08

99.993

~ | [RH] Relative Humidity

24.988

~ | [Tc] Chamber Temperature

|/min

0.02

|[F] Flow Rate
14.116"
[Pc] Chamber Pressure
Humidity Control Mode RH
[Run Status dle
|
> P2 Q

psi ~|lfmin ~|/*C ~ LogInterval 30s ¥ | & | Log . Log File Size  4.97/200 MB Vg v ; B ﬁ o E
Figure 40
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4.1 INTRODUCTION TSOFTWARE

To launch RHS Control, simply click its desktop.

RH
F

)]

Operation

The main program loads and automatically presentsdbiéware splash screen followed by t@®nnection
window. The splash screen indicates the software version number.

ConnectionWindow
»p K
X
Loginterval LogOr/ Off Toggle Settings
" ,.n‘ S gmena 55 || og G orresue omore o 2 77 & & 0/’?
7‘ / 4 / T Figure 41 /
SelectUnits Open the Open the ExpandGraphsto Start CloseRHS Control
Connectionwindow Profile window fill window New Graph
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Operation

4.2 CONNECTIOM/INDOW

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

Auto-detect Manual

Devices

List of 4 cgs240 Ayy-mmiooc (COM1 9600)
Instruments
Detected
Connect
(to selected
Searchfor > p "ﬂ instrument)
Instruments
x ¢ Close
window

Figure 4.2

4.2.1 CONNECT THE5S240
When the Connection window opens, it initiates an automatic search for attached instruments.

To connect:

1. If the instrument you want to connect with is not listed, ensure it is plugged into a USB Jo
(via a USB/232 converter as needetien press theSearchbutton.

2. Click on any instrument(s) listed. v
The selected line(s) will highlight LS

3. Click theConnectbutton. If there are no further instruments listed, the window closes
automatically. If other instruments are still listed, the window remains open.

4. To close the window, press tlidosebutton. x

CG&40 Manual 9/8/2026
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4.3 ENTERSETPOINT

Operation

A unique window appears within the main screen for each connected instrument.

The following window is typical of@GS240.
Minimize Undockthis OpenSecondarydata/ Open
window window away from coefficientsmenu Mini Terminal
Close
instrument - ]
connection —ex i,,: & gga?n G21A016 = .|_ ShowSerial
Commdata
%
stream
Setect 100-201
Setpoint PS
Mode - | [RH] Relative Humidity ~ 40.000
i
~  [Tc] Chamber Temperature
I/min
0 | 0 0
[F] Flow Rate
psi Current
1 4 . 0 66 GenerateMode
[Pc] Chamber Pressure /
Humidity Control Mode RH & Current
Run Status Ide | RunStatus
Run' Stop 0
(Generate On/Off)__. > T" T (;
Figure 4.3

ChamberFan  ChamberLight
On/Off On/Off

All fields within the Setpoint column that are white in color are user editable.

CG£40 Manual
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Operation

The Setpoint Mode Selection is a drdpwn menu that allows selection of the following control modes:

- RH

- Frost Point

- Dew Paint

- Saturator Pressure

The fields to the right of the Setpoint Mode Selection will change according to the control mode selected.

4.4 SELECTING CONTROL MODE AND INITIGENNERATE

TheCG&40can controlm 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 saturatioregsure directly.

4.4.1 HUMIDITY CONTROL MODE

While in a valid humidity control mod®H,FP, DP), th€G&40automatically determines suitable target values
for saturation temperature and saturation pressure.

. . CG5240 1704002
1. Clickthe dropdown menu to reveal the various control | X 2% H 5 O m

mode options. &
: 7/6.446
~| [RH] Relative Humidity

[RH] Relative Humidity oC
[ |

FP] Frost Point
~| [Tc] Chamber Temperature

f [DP] Dew Point
Figure 44

[Ps] Saturator Pressure

sk CG5240 1704002
x 3 @ &2 & 0 B

2. Select one of the listed control mosde 76 1 1 6 *
|

|| [RH] Relative Humidity

[RH] Relative Humldlty °C
| | 9 8 8

Frost Point
~| [Tc] Chamber Temperature

i DP [
[Ps] Saturator Pressure
Figure 4.5
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3. Click the value in the Setpoifield.

4. The field border highlighted. Edit the value and pregnter.

After pressing Enter, the highlight changes coloydtiowto
indicate the new setpoint is being sent.

5. Once thesetpointis sent to thegeneratorand acceptedthe
highlight disappears. A new value is then read from@@&s240
and will be displayed. Saturation Temperature and Saturation
Pressure setpoints will be automatically recomputed if needed.

Set point values are a limit by the system to prevent out of rang
entries.

Operation

CG5240 1704002
S ces2 5 0

21.993

~| [DP] Dew Point "22.005

24.988

~| [Tc] Chamber Temperature

Figure 46

T3 CGE5240 1704002
x 3 g &2 % 0\

21.993

| [DP] Dew Point ﬂ—

24.988

~| [Tc] Chamber Temperature

Figure 47

e CG5240 1704002
x 3 g &2 % O B

21.993

~| [DP] Dew Point s 20,000

24.988

~| [Tc] Chamber Temperature

Figure 48

T CG5240 1704002
x 3 g &2 o B0 B

21.993

~| [DP] Dew Point [20.000 |

~| [Tc] Chamber Temperature

24.988

Figure 49
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The CG&40automatically determines a suitable saturation temperature setpoint when entering a new humidity
setpoint The saturation temperature it determines depends on the available system pressure. If the system is
unable to reach the desired humidity setpoint using pressure alone, it will automatically adjust saturation
temperature as needed to generate the desifeamidity value. Once saturation temperature is determined and
being controlled, the system continually adjusts saturation pressul®itgy about the desired humidity output

Changing the humidity drop down menu does not change the humidity control nphadaltering the setpoint of
the humidity line causes the control mode to switch to tlatected control mode

4.4.2 RUNSTOPTHE HUMIDITY GENERATION PROCESS

Start the generator by pressing tfRunbutton.

Run Status Idle
|
» | N ©
Figure 41C
Idle
. . Run Status
It toggles to é&&op button which you may press to stop the generating process.
Figure 4.1
Generating
4.4.3 CHAMBER FAN OPERATION
The chamber fan turns on and off automatically with tRarn/ Stopbutton. When the system is
run, the fan also runs. When the system is stopped, the fan also stops. The fan may be turn ]
ON or OFF manually at any time by pressing the FAN button. e
Figure 4.2
Fan Off
The status will be indicated by a changed icon and a visually depressed look of the button. *
Figure 4.B
Fan On
4.4.4 CHAMBER LIGHT
The chamber light is normally offurh the chamber lighbn/off at any time by pressing the _
Lightbutton. The status will be indicated by a changed icon and a visually depressed look of Q
button. The light is on an automatic timer and will remain ondoly 30 seconds at a time. F_=' e
igure 4.
Light Off
mt');,
Figure 4.5
Light On
CGS40 Manual 9/8/2026
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1. To change the chamber light time out, click Manual

X ¥ o CGS240 Ayy-mmx @ =i

controls from the dropdown menu. COMS
Figure4.1€
2. Insert the desired value in seconds where zero will
. . . . Manual Controls -
disable the time out on the lightn order for this
change to save through power cycles, you must clic Chamber Pumg
the Save Chamber Light button below.
Sat Pump
Presat Fll Pump
Presat Bypass
Value
Chamber Light Timeout
Save Chamber Light
Figure4.17
CGS40 Manual 9/8/2026
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4.5 VIEWINGDATANUMERICALLY ANERAPHICALLY

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 graphs have the ability to show fixed data, or runninghsiriistyle data where it
is always up to date withurrent 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 pinend-zoom, multitouch gestures of the touch screen. They also work with a
mouse to move/zoom/scale as desired.

Adds Data Ploto Hide/Show Lock XAxis  Lock YAxis Track
Legend
current graph \
= E [ El I I Add Note mm < IE' X

Change 4’.0 cgs240 Ayy-mmxxx: [DP] Dew Point (°C)
Graph Color

Enable/Disable
current data plot

B B [rideotes gy : 15:4.z:|:n:w

= i El I I Add Note

B ® cos240 Ayy-mmxxx: [Tc] Chamber Temperature {°Q

< >

B & OtideNotes

15:42:00

CJE. Y = |~ [ [
Figure 4.8
Click toAdd Plot Note ~ X-Axis manual Startanew  Minimize Close
then click within plotto  entry scale graph Graph Graph
insert note.
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4.5.1 AUTO PROFILING

In addition to direct, reatime, user setpoint input, an autprofile can be prepared on screen giving the system a

set of future, timebased, setpoint instructions. With awarofiling, an entire series of setpoints with associated

run times is prgogrogrammed on screen for subsequent execution of the sequence. Or it may be stored to disk for
later retrieval and execution. Autprofiling allows the system to run full sequences of humidity/temperature/flow
points completely unattended, storing system andtmment data the entire time. In addition, if other

instruments are also connected to RHS Control (such as RHS/MBW Chilled Mirror Hygrometers), they too may be
sent commands as part of the auprofile sequence. In this way, any available connected insént may be

included to accept commands from adpwofiling.

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

logiterval 305 W | & | og G LogFiesze asymome - Vo ] r > 6 i
Figure 4.9

The Auto Profile window appears.

"2 Profile - RHS Control 1.8.10 — O x

> 11 m 4“4 Status: [Stopped|  07:00:00 X

IZI EI |ces240 1704002 ~| | [RH] Relative Humidity ~| [z |
IZI EI |ces240 1704002 ~| | [RH] Relative Humidity ~| [z |
IZI EI |ces240 1704002 ~| | [RH] Relative Humidity ~| [a0 |

1

z |

a |

4 IZHZI 5240 1704002 ~|  |[RH] Relative Humidity ~| [5 | ‘ ForwooHt v|almo v[a|so v|a| x
: |

: |

: |

E 00:50:55 H 1 VlAlMﬂ VlAlSﬂ V|A| ®

E 01:00:00 H 1 VlAlMﬂ VlAlSﬂ V|A| ®

oo H1 v|almo v|afso v|a| x

IZI IZI |ces240 1704002 ~|  |[RH] Relative Humidity - [a |
IZI IZI |ces240 1704002 ~|  |[RH] Relative Humidity - [ |
IZI IZI CGS240 1704002 | |[RH] Relative Humidity 7| (22

[RH] Relative Humidit
[FP] Frost Point

[DP] Dew Point

[Ps] Saturator Pressure

oo Hi v|almo v|afso v|a| x

oo Hi v|almo v|afso v|a| x

oo Hi v|almo v|afso v|a| x

[Tc] Chamber Temperature
[Tcl] Chamber Liquid Temperature
[F] Flow Rate

Figure 420

+ | & @ » 1 = CGS240 1704002 ~
Connected instrument putfown

From left to right:

1  Add setpoint [RH] Relative Humidity -
ﬂ Clear Se{p(.)lnt [FF] Frost Point
1  Open profile [DP] Dews Point
. [Ps] Saturator Pressure
9 Save prOflle [Tc] Chamber Temperature
. [Tcl] Chamber Liquid Temperature
M  Start profile [F] Flow Rate
T Pause prgflle Control putidown
9  Stop profile
| s 70000 [E—
Profile Total Time Set point entry

E 01:00:00 H 1 VlAlMU lelso lel

Move setpoint up/down

Timer and sepoint controls for run time

Figure 421
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4.6 CHANGEBUNITS

Changing the units may be done at any time using the Units bar at the low

left corner of RHS Control. The units wflange globallynumerically and Fa T |lfmin ¥ |°C T
graphically) This will affect thedisplayedunits for each and every instrument

connected to RHS Control. This does not affect the units logged during data Figure 422

collection Data is always logged umits of pa, I/min, and degred3elsius,
regardless of the units being displayed.

4.7 CONNECTION CGBTHERNSTRUMENTS

A variety of other instrument may also be connected to RHS Control. If the instrument has a seripoetted

via one of the four serial ports (left ddGS240) or via a USB/232 converter connected to one of the USB ports
(right side of theCG&40), and a properly written description file (.json file), the Connection window should be
able to find and connect to it. The system is already supplied with several .json files for connection to most RHS
brand instrumens. The .json files may also be written to communicate with other brands of instrum&hes.json

files are stored in RHS Contmdnfigd. Further information may be obtained by contacting RH Systems, LLC.

Addinstrument connections at any time using tBennectbutton.

psi ~||mn ~ °C v LogInterval 305 ¥ | & | Log LogFile Size  4.97/200 MB ".‘ ] ; |+d Q o
Figure 423

The Connection window appears and automatically searches for physically present instruments it finds that are not
currently connectedo RHS Control. (See section 4.2 Connection Window)

Auto-detect Manual

Devices

cgs240 Ayy-mmxxx (COM1 9600)

X

Figure 4.2
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Four Serial Port Pan€iGS240 (optional onCGS240)

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

RS232 Pin Out Generally, instrument connections
Pin# | Signal | are made using an RZ32 Extension
1 DCD . .
T ’x Cable with male connection on one
3 X end, female connection on the other
4 DTR . .
5 | oD end, and wired straight through
3 gig (pins 1, 22,30 = R.) Niote that
3 CTS all RH Systems branded instruments
$ 1L K connect drectly using only a straight

through extension cable. If manufacturing your own cables, generally
only pins 2, 3, and 5 are required for connection to most instruments.

If a NukModem adapter would normally be required for the
instrument to communicate with a standard PC, a Mididem

adapter (which crosses pins 2 and 3) will then also be required when
connecting to these ports of theG40.

Figure 425

4.8 DATALOGGING

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

The data is logged at a time interval define~

6 (GKS W[23 LydSNII| aginterval ss V|A| Log . Log File Size  0/200 MB
lower left corner of RHS Control.

Figure 4.3
Located to the immediate right of theoginterval spinbox is thd.ogtoggle switch. The Toggle switch v?/ill be blue
in color when logging isnabled and red in color when loggingdssablel. Yellow color indicates that the size is
approaching its maximuni.he act of toggling thioFFwill close the file andtop data collection for all
instrumentation connected to RHS Contrbggling it back t@Nwill start a new log file

Log files are stored iflRHS Control \logs \

Files names are identifiable by instrument name, serial number, and time stamp.

The currentdg file size is indicated. If tHiée reaches the maximumizelimit, the fileclosesand a new filds
automatically started.

Maximum log file size is usselectableby accessing th8ystemSettings window.
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4.9 SYSTEM SETTINGS

TheSettingsbutton provides access to the Settings Window.

Operation

psi ~||lfmn *||°C | LogInterval 30s ¥ | & | Log Log File Size ~ 4.97/200 MB "g ==l ; Ia Q o
Figure 4.7
L Settings - RHS Control 1.8.4 ? X
iﬂtfg“;‘f” . Software Version: 18.4
. . g Configuraton

System Infaallows for selection/deselection of the en S °

screen keyboard. It also allows for a light and dark mode - o .
theme (light mode is shown throughout this manual).
X

Figure 4.3
? X

Log Configuratiorallows for changes to the log file data
formatting options. It also allows setting the maximum log
file size. Once the size is reached, the file will close and a
new log file will automatically be generated.

"% Settings - RHS Control 1.8.4

System Info
Log Configuration
File Delimiter Tab

Floating Point Delimiter  Period

DateTime Format Nits

Current Settings

File Size Limit 200

|me ~| [200mE

Apply Changes

Figure 4.2
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Operation

4.10 CHAMBER

Thechamberutilizesa robust design, witla cable management
system for the chamber temperature probe, sample gas injectio
to center of chamber, local pressure measurementoptional
heat dispersion plateanda shelving systenit isequipped with
comprehensive heat insulation in all sides and doors of the test |
chamber and featuresealed edges with a soft silicone profile sea| !
for gastightness. ‘

An integrated fan with control provides internal air circulation ang
ensures uniformity and stabilithhroughout thechamber.The
chamber design features a false wall for a fullyjaiketed
approach. The aijacket is encased within a fluid jacket to ensure
unparalleled stabilityThe inside of the temperature chamber for
demanding temperature simulations is constructed fretainless
steel.

).
Figure4.3C

Temperature Cable
Chamber Temperature Probe

Chamber Fan

Chamber Humidity Inlet Tube

Chamber Pressure

Shelving System

Multiple Shelving Locations

Heat Dispersion Plate (optiatf)

Air Flow Vents

Figure4.31
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Operation

4.11 DOOR

The liquid jacketed chamber door uses heavy duty hinges, a recessed latching mechanisnin éidhtiltand
built-in heaters for the door frame and window. The liquid jacketing of the door and window aid significantly in the
chamber stabilization and teperature uniformity.

Figure4.32 Figure4.33

CGL40 Manual 9/8/2026
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Calibration

5} CALIBRATION

To ensure the best possible accuracy of the generator it is critical to perform routine calibration on the
temperature probes and the pressure transducers.

Apparatus and equipment, including technical performance requirements

a. Pressure reference

1 Pressure controller and/or standard covering the following ranges:

1 Low rangeAmbient to 25 psia, witk 0.01 psiaresolution or betterx 0.005psiaaccuracyor better.
1 High rangeAmbient to 150 psia, witk 0.01psiaresolution or better+ 0.3 psiaaccuracyor better.
1 Note: There is no need to check or calibrate belmbient pressure.

b. Temperature reference
Readout with 001 °Cor better resolutiontemperature standard (SPRT
recommended} 003 °Cor better accuracyA temperature calibration
bath with liquid immersion usable range -@0°Cto 72°C.Use of a non
conductive liquid such as 3M Flourinert /D is highly recommended
Use of silicone oil is also suitable.

NOTEDO NOT USE WATE®this may cause an internal short within
the probe if the probe is accidentally submerged below the interface
0SG6SSy aKSIGdK FyR OlotSo [SI @S
sheath unsubmerged to prevent liquid from contacting the interface.

€ MKDNE

c. Environmental conditionsGenerally, the required environmental
temperature range during calibration is 23 £ 2 °C. The required
environmental relative humidity range during calibration is 5 to 95 %,
non-condensing.

g Max Immersion Depth
Figure5.1

5.1 PRESSURE CALIBRATION

Both transducers measure absolute pressure and must be calibratgoswiutepressure Gauge mode
calibrationis not possible

NOTEIf sending the sensors to an independent calibration lab, rather than performing {Bgsitem
calibration, refer to Section 5.1dAlternative Pressure Calibration Procedure
Required Equipment
9 Pressure controller and/or standard, detailed in section 5.
T prkmcé 2LISYy SYyR gNBYyOKOD

Using the irsystem calibration method, the transducers will be disconnected from the pneumatic system
of the CG&40but will remain electrically connected.

CGL40 Manual 9/8/2026
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Calibration

Adjustment is performed by altering coefficients a0, al, a2, and #8d3° order polynomial:

Pacwar =a0+al / Psensor +a2/ (P sensor ) 2 +a3/, (P sensor ) 3

To alter that calibration using theGS240in-system calibration method, the coefficients will be adjusted
to bring the outof-tolerancePsensor readings to iAolerancePacwal  readings. Expected coefficient
ranges following irsystem calibration adjustment are:

Coefficient | Default | Acceptable Range Notes
a0 0 -7000 < a0 < +7000 This range allows just oved psi of
offset/bias.
al 1 09<al<l1ll This is a slope term and should remain near

Exponent of a2 coefficient N g \
should be no larger-b. ERED R [R5 Eedl B My

Exponent of a3 coefficient | E5,En X ' NB 2dzi 2F NIy
should be no larger than-&

a2 0

a3 0

Figure5.2

Values that exceed the above ranges indicate either a bad probe or faulty calibration data (such as from
data entry errors).

If the defaultabovecoefficients are used, theBacuai =Psensor @and no insystem adjustment takes place.
With these coefficients, it is assumed that the sensor itself is internally (independently) calibratede
the system. See 5.1.4. alternate pressure cal procedure.

5.1.1 REMOVAL OPRESSURE TRANSDUCERS

1) Power down theCG&40:;

a. Press the front panel power button and wait for the unit to
complete shutdown.

b. Switch the main power ®&t the back panel.

the pressure transducers. Tools are not required fo
the removal of any access pands they are
retained by a spring cligAlight pull is all that is
necessary.

NOTEBecause th@ressureranges for Pand R
are different, these pressure sensors must be
calibrated separatelfrom each other

CG&40 Manual 9/8/2026
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Calibration

3) Disconnect the pressure transdusatlectrically. Do so by unscrewing
and removing the green circular connector.

4 aAYy3A I prkMmcE 2dnibwt thSpreRsArR traashdBef ok ]
the manifold.This leaves you with a 7/480 male straight thread
connection.

5) Optional for flare connection w S Y 2 @ Malefl&éSto 11620
straight thread fitting from the bottom of the pressure transducer.
L 2dzQft ySSR I ySé o0oé¢ TFEFNB O2LJ

Figure5.7

5.1.2 CALIBRATION OF PRESSURE TRANSDUCER

Bring the CG&40to a pressure source with a pressure controller and/or standard, or the pressure controller
and/or standard may be brought to theGS240if a suitable pressure source is available at location.

1)Cc2tt26Ay3d (GKS 2LISNF 2NRa Yrydzt F2NJ GKS LI
connect the pressure standard to the pressure sensor. The transducer should be mounted
vertically.

NOTEY ¢KS (NI yaRdzOSNJ LI2NI Aa | Cesdaatlapterkitting S Y |
Omkné ! b -29 strhightthread), muwrently attached to the transducer, in order to use y«
own AN male adapter compatible with your pressure calibrator.

2) Connect the pressure transducers electrically by reattaching the green circular connector.

CG&40 Manual 9/8/2026
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3) Power up theCGS240

a. Switch the main power On.

b. Press the front panel power button and wait for the unit to

completely startup.

4) Once the system fully boots up, laun@iS Contrd{if it did not RHS

auto-launch at poweiup).

5) OpenCal Modeby selectingJtilities from the
drop-down menu.

Calibration

Figure5.8A Figure5.8B

y =

Figure5.9

"2 RHS Control 1.8

PN
X € 7 CGS240 G21B020 2l m

COM1

~ | [RH]

107.831

Relative Humidity

[Tev] Expansion Valve Temp Coeffidents

[Tr] Refrigeration Compressor Temp Coefficients
[PI] Low Pressure Coefficients

[Ph] High Pressure Coefficients

[Pc] Chamber Pressure Settings

[Ps] Sat Pressure Settings

[F] Flow Coefficents

26.393

Manual Controls

Info v,
Measurements >
[RH] Relative Humidity 107.831 %
[[FP] Frost Point 276764 °C
|[DP] Dew Point 27.6764 °C
|[Tc] Chamber Temperature 26.3927 °C
I[j’j:ﬁl]ﬁ(i:ta’rpber L‘guid Temperaturs 26,1519 °C 1
i[Ts] Sat Temperature 27.6764 °C |
[Tl Dracat Tamoaratica 26 3mAC O ki [
°C v psi v||fmin ¥| LogInterval 5s v|a
Figure5.10
CGL40 Manual 9/8/2026
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Calibration

6) Click theCalibrationbutton. This opens the Cal | Utiities i
mode window. || I [l
Configuration Import:
e | | M@
Figure5.11
By default, the Cal Mode window opens with | caiviose- puscont 1210 - o x
the Temperature sensors (Ts and Tc) selected| == -
Reference () Ts Read (°C) TS Raw (Q) TCRead {°C) TCRaw ()
:ress the Temps button to access the drop o ' ! !
own menu. o - 5
Figure5.12
"L Cal Mode - RHS Control 1.8.8 — m] *
7) Select thepressuresensor you want to T e
calibrate PLor PH remps -
Temps
P
Ph
-] = =
Figure5.13

g)c2ff2pAy3d GKS 2LISNI G2NRa YIydzt F2N G6KS LI
connect the PL or PH sensor to your pressure standard and control the follapfingximate
pressures for a duration of at least 2 to 5 minuges point

1 For the [PL] Low Pressure Sensor,@aibration range is ambient to 25 psialibrate this
sensor withapproximatepressures oimbient, 17.5 20.0, 22.5 and25.0 psia

1 For the [PH] High Pressure Sensor, @adibration range is ambient ttb0 psia.Calibrate this
sensor withapproximatepressures ohmbient, 25, 50, 75, 100, 125, and150psia.

9) Monitor the PL or PH sensor valuedhanging fronJtilities to Measurementsfrom the drop
down menu.

CG&40 Manual 9/8/2026
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Calibration

A [Run Status Tde
| Measurements : '
Set Points ’ ‘ ' ‘ ‘ Q |
Temperatures and Resistances =
Misc Measurements ~q
[Tc] Chamber Temperature Coefficients ][RH]WV& Humidity 107.816 %
N ) |[FP] Frost Point 27,6668 °C
[Tcl] Chamber Liquid Temperature Coefficients ][DP] Devi Point e -
[Ts] Sat Temperature Coefficients IUS] Chamber Temperature
|[Tcl] Chamber Liquid Temperature
[Tp] Presat Temperature Coefficients |h-;j ga'tiTVemperait'u =
[Tev] Expansion Valve Temp Coefficients [Tp] Presat Temperature
[Tev] Exp Valve Temperature 25,345 °C
[Tr] Refrigeration Compressor Temp Coefficients v [pg] Chamber Prfss‘!W 139636 psi
liee 7 I[P Sat Pressure 13563 ps
= |[P1] Low Pressure 139633 psi
oo |[Ph] High Pressure 13,9604 psi
= |{Pai] Reguiated Air-in Pressure -0543772 psi
Configuration Import: }[FJ'%'”_RB'E ommdg Yfmin
Run Status I v
A nm ¥
oC v|Ipsi ~llljmin | Loginterval 0.55 = °C v||psi v |fmn ¥ LogInterval 0.5s V| A
Figure5.14A Figure5.14B

Measurement values for PL and PH will appear in the list in the chosen system units. You may ¢
graph the PL and PH values.

"2 Cal Mode - RHS Control 1.8.8 — [m| X

10) Whendata is stable andeady to take a
measurement, type in th®eferencevalue and | & S
click theEnterbutton.

3rd Order =z
Reference (psi) PL Read (psi) PL Raw (psi)
H =@ ]
Figure5.15

The current data point will be captured and a [“« - 1ode - RHS Control 1.6.8 _ O x
new empty row will appear fothe next
measurement. Al -

3rd Order A

Reference PL Read {psi) PL Raw (psi)

Pt 11,9935 12.006 Remove
CY —)

Figure5.16

CGL40 Manual 9/8/2026
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11) When ready to take another measurement,

type in the next Reference value and click
Enter. Repeat this step for each Reference

reading, until the desired number of values ar

recorded.

Calibration

Cal Mode - RHS Control 1.8.8 - O *

Pl

3rd Order

Ptl 12.00 11,9995 12.006 Remaove

Reference

PL Read (psi) PL Raw (psi)

& lad ]
Figure5.17

The Calculate button remains disabled until the minimum number of values are entered.

1 39order polynomiak minimum of 5 points
1 2"order polynomiak minimum of 4 points

1 Linear¢ minimum of 3 points

CG£40 Manual
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Calibration

NOTE You can remove a bad measurement (single value) by clickiriRetm@vebutton, or
remove all recorded measurements by clicking @lear Allicon.

Example Click remove [remove a single recorded measurement.

2 Cal Mode - RHS Control 1.8.10 - a *x "L Cal Mode - RHS Control 1.8.10 — a *
Pl - Pl -
3rd Order < 3rd Order v

Reference (psi) PL Read (psi) PL Raw (psi) __» Reference (psi) PL Read (psi) PL Raw {psi)
0 S - =
la &
& m g B
Figure5.18A Figure5.18B
Example CliclJlto remove all recorded measurements

"% Cal Mode - RHS Centrel 182 - O X "L Cal Mede - RHS Control 1.8.10 - O b
Pl - : o
3rd Order -

3rd Order <
Reference (ps)  PLRead (psi) PLRaw (psi) ==’

Pt 110088 12,0049 Remave Reference (psi) PL Read (psi) PL Raw (psi)

Ptz 14,9986 15.0051 Remove IR : . . Ed=r

Pt3 17.9982 18,0049 Remove

] ® =]
Pt4 20.9981 21.0047 Remove
Figure5.19B
8 m mp o
Figure5.19A

NOTE For pressure calibration, Cal Mode uses tHe&ler polynomial setting by default. You
can select a different order if something other thafl &der is appropriate. If you change
calculation mode and have insufficient data points, the Calculate icon will be disabled. As st
in the example below, changing from th&! 2rder to 3¢ order polynomial will disable the

Calculate icon if the minimum number of values have not yet been entered.

"2 Cal Mode - RHS Control 1.8.8 - a x "% Cal Mode - RHS Centrol 1.8.8 —_ [m] ® "= Cal Mode - RHS Control 1.8.8 - o x
Pl - Pl -
7l -
2nd Order d _3rd Order -

Refeenceps)  PLResdGs)  PLRaw s) 3rd Order ] Reference () PLRead (os) PLRaw ()

o p— - = a — — =
Linear

® e e = = e sme =

mE e e — 2nd Order w o o =

& ez e = st Onder o mem e =

o [ - Enter — w ] Enter
pi3 [18.00 17.9985 18.0056 Remove

8 B a Pt [2100 20,9983 21.0057 Remove B a
Figure5.20A Figure5.20B Figure5.20C
CG240 Manual 9/8/2026
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12) When ready to perform the calculation, click t@alculateicon.
The new coefficients will appear on the bottom portion of the window.

Calibration

M Cal Mode - RHS Control 1.8.5 _ 0 % "' Cal Mode - RHS Control 1.8.8 - a X

Pl -
Pl =

3rd Order -
3rd Order - i} i}

Reference (psi) PL Read (psi) PL Raw (ps))
Pt 119988 12,0048 Remove
Reference PL Read (psi) PL Raw (psi)

P2 14,9986 15.0051 Remove
PLL 12.00 11,9995 12,006 Remove

Pt3 17.9982 18.0048 Remove
Ptz |15.00 14,9991 15.0059 Remave P4 0.9981 210047 Remave
Pt3  |18.00 17.9985 18.0056 Remove HE e 2405 e
Pt4 21.00 20,9983 21.0057 Remove

Save PL?

Pts 24.00 23,9982 24,0059 Remove AD: 106.418

Coeffidents Al 0.996278
=) l:l - - Enter A2 3.16616e-8

A3 -8.66298e-14
] =) H B ) a
Figure5.21A Figure5.21B

NOTE If your reference and PL Read, or PH Read, are within expected tolerance, proceed to Se
5.1.3, Pressure Sensor Reinstallation. Otherwise, continue with Step 13 to save the new coeffic

13) When you are ready to save the new coefficients to the | = CalMade-RHS Control 188 - o X
CG&40, click theSaveicon. A popup message confirms | || ]
completion of the save

3rd Order hd
Reference PLRead {psi) PL Raw (psi)
PtL 119995 12,006 Remove
Pt2 14.9991 15.0059 Remove
Pt3 18.00 B Gave Status- R, X Remove
Pt4 21.00 o Save Complete Remove
Pt5 24.00 Remove
Pt5 Enter
e
AD: 106.418
Coefficients At 0.996278
AZ: 3.16616e-8
A3: -8.66298e-14
& = &
Figure5.22
CGS40 Manual 9/8/2026
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14) After saving, observe the corresponding

coefficients window to verifyhe new
coefficients were properly saved:

Depending on which probe was calibrated,

select eitheffPI] Low Pressure Coefficientsr
[Ph] High Pressure CoefficientBom the drop
down menu.

Ensure that the displayed coefficients reflect
thosesaved in the previous step.

Calibration

Measurements o>

[Tel] Chamber Liguid Temperature Coefficients
[Ts] Sat Temperature Coefficients

[Tp] Presat Temperature Coefficients

[Tev] Expansion Valve Temp Coefficients

[Tr] Refrigeration Compressor Temp Coefficients

[PI] Low Pressure Coefficients

Figure5.23

[PI] Low Pressure Coefficients hd
Yalys
=0 106,418
al 0996278
£ 3.16616E-08
aj -B.6619EE-14
A @
‘Calculated Pressurs Lowr 24,0002 psi
Raw Pressure Low 24,0053 psi
Figure5.24

Repeat steps 4 through 14 for the other pressure sensor.

5.1.3 PRESSURE SENSUERNSTALLATION

1)

Power down theCGS40:

a. Press the front panel power button and wait for the unit to

complete shutdown.

b. Switch the main power Off.

;

Figure5.25B

If you removed the AN/16-20 adapter, use a new copper sealing gasket between the transd
and the AN side of the fitting. Each senatsohas either an @ing or a bonded washer to seal i

at the manifold.

If the Gring or bonded washer are worn/damaged, replace them when reinstalling the transc
to the manifold. Note that Ris installed to the left, and#s installed to the right. The green
circular connectors are universal and are not associated to either sensor, so it does not mat

which connector goes to which sensor.

Note: Be cautious to properly line up the keyway when inserting the green circular connecto
Misalighment of the connector may permanently damage the sensor.

CG£40 Manual
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Calibration

5.1.4 ALTERNATIVERESSURE CALIBRATION PROCEDURE: INDEPENDENT SENSOR CALIBRATION
This procedure assumes the sensors are calibrated independently cE &40

Refer to section 8.1 for instructions on pressure sensor removal.

1) Send the pressure sensors to a lab that has the capability to calibrate them
independent of theCG&40.

a. The lab must be able to power them and communicate with them oveta8%S

b. The lab must be able to perforabsolutepressurecalibration read data via R&35,
compute calibration coefficients, and store these calibration coefficients in the
i NJ y a R dzO S peEhsensof @anafadiires requirements.

Sensor ParametersThe sensors are Mensor CPT6020, with a required supply
voltage of 12VDC, and communicating viadRS at 9600/8N-1. SensoR. is on
Address 0, kis on Address 1, and the units are in Pascal (Pa).

IMPORTANTf the lab changes any of tleoveparameters during calibration, the
sensors should be returned to the above parameters by the calibration lab prior to
return and subsequent rnstallation.

Coefficient | Default
2) Upon return of the fully calibrated sensors, tB8&S240must have a0 0
Default Coefficiententered. The use of default coefficients ensur al 1
that the instrument will not perform any posheasurement a2 0
corrections to the newly calibrate pressure sensor data. a3 0
Figure5.26
3) Select theSettingsicon, then selecfPl] Low Measurements -
Pressure Coefficients [Tel] Chamber Liquid Temperature Coefficients =

[Ts] Sat Temperature Coefficients

[Tp] Presat Temperature Coefficients

[Tev] Expansion Valve Temp Coefficients

[Tr] Refrigeration Compressor Temp Coefficients

[PI] Low Pressure Coefficients

Figure5.27

CG&40 Manual 9/8/2026
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Calibration

4) Enter the default coefficients a0, al, a2 and a3 (a|| [Pl Low Pressure Coeffidents v
shown), then click th&avebutton. Valus
=0 0
al 1
a? 4]
a3 a
A @
‘Calculsted Pressure Lowr 14.701 psi
Rz Pressure Low 14.701 psi
Figure5.28

Repeat step8 and 4 for [PH] High Pressure Coefficient

Refer to Section 5.1.Bressure Sensor Reinstallation
5.2 TEMPERATURE CALIBRATION

To maintain system accuracy, the following two temperature probes should be calibrated periodically.

9 » — L ~— ;’—/
[Ts] Saturator Temperature Prok [Tc] Chamber Temperature Pro
Figure5.29A Figure5.29B

The temperature probe calibrations should be performed as a system. The probes will be removed from
the insertion points of theCGS240but will remain connected to the electrical system. Both probes can be
run simultaneously.

Required Equipment

Temperature eadoutas detailed in Section 5.

)l
1 Temperature standard (SPRT) as detailed in Section 5.
1 Temperature calibration battdetailed in section 5.

)l

TKMc € RS Sirdndh @upRiddawithithe system).

CG&40 Manual 9/8/2026
Page48of 165



Calibration

Adjustment is performed by altering the coefficient values to the CVD equation:

Y Yp 020 620

6z 0 pmmo | for temperatures below 0 °C

Y Yp 020 0620

| for temperatures at and above 0 °C

Default (uncalibrated) Temperature Coefficients and Expected Coefficient Rangeadmssiment):

Coefficient Default Acceptable Range
RO 100 99 <R0O< 101
a 0.0039083 0.0037 <a < 0.0041
b -5.775E7 -4.0E7 > b >7.5E7
Exponent of coefficient ¢ should be no larger thahCE For
c -4.183E12 example, coefficients of-IE0, E11, E12 and so on, are
acceptable, but ® would be outside of the acceptable rangg
Figure5.30
CGS40 Manual 9/8/2026
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5.2.1 TEMPERATURE PROBE REMOVAL

1) Power down theCG&40:

a. Press the front panel power button and wait for the unit to
complete shutdown.

b. Switch the main power Off.

2) Remove the back, top, and righide panels

Figure5.31A Figure5.31B

Tools are not required for the removal of any access parslshey are retained by spring dipa

light pull is all that is necessary

3) Before removing the temperature probedrain one gallon of the
glycolwater mixture:

a. Remove the white drain plugs andrmecto £ Rtdhind ty’
the Chamber and Saturator Drain Potitssert the other end of
tubing into a clean container (1 gal minimum).

b. Open the Chamber and Saturator drain valves

Note: The bottom drain port is for the presaturator; this does
not need to be drained.

c. Open the Vent Valve.

d. ollect one (1) gallon of the fluid intive clean containeto
retain for later use during reinstallation of the probes.

e. Close the Chamber and Saturator drain valves.

4) Open the chamber door to access t@eamber temperature probe

[Td.

5) Remove the probe and uncoil the cable, but leave it plugged inti
electrical connector.

Figure5.32

Figure5.33

Figure5.34

CGL40 Manual
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Calibration

6) Remove the cover and insulation to expose the Saturator
temperature probe [Ts]. Loosen the nut about one (1) turn and
remove the probe by pulling it straight out. The nut should rema
in place.

Note: Removal of the Saturat Temperature Probe requires the »
T K Mc é-acBeSsJrénch that is supplied with the system (RH: | s
Sat Temp Removal Tool, pictured to the right). '

Note: Some cooling fluid may leak when tBsturator ' Figure5.36
TemperatureProbeis removed. This is normal. Wipe up with a w
cloth.

7) When removing the Saturator Temperature Probe, ensure that t
Teflon locking piece does not fall off. This is an essential part of
probe.

8) Uncoil the cable, but do not unplug it from the temperature
measurement board.

5.2.2 CALIBRATION OBEAND EPROBES

1) Bring theCGS40to alocation which has a suitable calibration ba
and temperature standardor thecalibration bath and temperature
standardmay be brought to th&€G240.

CGL40 Manual 9/8/2026
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Calibration

2) Power up theCG&40

a. Switch the main power On.

b. Press the front panel power button and wait for the unit to &
completely startup. Figure5.38A  Figure5.38B

v

3) Once the system fully boots up, launRiS Contrdif it did not RH

auto-launch at poweiup). [
Figure5.39

Caution Do NOT click the generate button during calibration.

4 C2fft2oAay3d (KS 2 LISHibrdtianh@iEor Y I
internal procedures)

a. Insert the temperature probes into the calibration bath.

Cautiont Do not submerge the prols¢o the point where the
interface between cable and sheath goes below the liquid
surface. Doing sooulddamage the probg Keep the metal
AKSIGK G tSrad o¢ Fo2@S (K

b. Set the bath temperature to aetpointbelow 0°C ¢20°C is
recommended). Figure5.40

CG&40 Manual 9/8/2026
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5)

6)

Open Cal Mode by selectinilities from the drop

down menu.

Click theCalibrationbutton. This opens the

Cal Mode window.

7) By default, the Cal Mode window opens with

8)

the Temperature sensors (TS arg $elected.
EnsureTempsis selectedrom the Cal Mode
drop-down list. It is recommended that both

temperature sensors be calibrated

simultaneously.

Calibration

2 RHS Control 1.8

CG5240 G218020
=z

X 3%

com1 E]D B

~ | [RH] Relative Humidity

107.831

20.000

[Tev] Expansion Valve Temp Coeffidents

[Tr] Refrigeration Compressor Temp Coefficients

26.393

[PI] Low Pressure Coefficients
[Ph] High Pressure Coeffidents
[Pc] Chamber Pressure Settings
[Ps] Sat Pressure Settings

[F] Flow Coefficients

Manual Controls

Utilities

Info 7
Measurements e
[RH] Relative Humidity 107.831 %
|[FP] Frost Point 27,6764 °C
|[DP] Dew Point 27.6764 °C
|[Tc] Chamber Temperature 26,3927 °C
|[T<l] Chamber Liquid Temperature 26,1519 °C

|[Ts] Sat Temperatura 27.6764 °C

I[Tal Drecat T 26 3845 O 2

°C v |psi v ljmin ¥ LogInterval 5s v | a

Figure5.41
Utilities v
Calibration
Configuration Import:
s || @
Figure5.42
"2 Cal Mode - RHS Contrel 1210 - [m] X
Temps -
Reference (°C) TS Read (°C) TS Raw (@) TCRead (°C) TC Raw (%)
L I B
7 ® a
Figure5.43

Monitor temperatures for stability bghanging fronUtilities to Temperatures and Resistances
from the dropdown menu. You may also graph the Tc and Ts values.

CG£40 Manual
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Calibration

= "R S 163
| Measurements
| | Set Points ’ )
| Al 9
Temperatures and Resistances
Misc Measurements
[Tc] Chamber Temperature Coefficents |[RH] Reative Humidzy 107.516 %
|(FP] Frost Point 27.6668 °C
[Td] Chamber Liquid Temperature Coefficents ;[DP] Dev Point 27,6668 °C
[Ts] Sat Temperature Coeffidents ‘ I[Tc] Chamber Temperature 26.3857 °C
‘ =’ [[Tc]] Chamber Liquid Temperature 2.1468 °C
[Tp] Presat Temperature Coeffidents } |[Ts] Sat Temperature 27,6666 °C
[Tev] Expansion Valve Temp Coeffidents I '(Tp] Presat Temperature 26,3775 °C
| [[Tev] Exp Valve Temperature 25,3245 °C
[Tr] Refrigeration Compressor Temp Coefficents v, | “[Pc] Chamber Pressure 13.9636 psi
Ft % |[Ps] Sat Pressure 13.9634 psi
to {{P] Low Pressure 13.9633 psi
) |(Ph] High Pressure 13.9604 psi
it |(Pai] Regulated Air-in Pressure -0.543772 psi
e [(F] Flow Rate 0.00000 /min
' Run Status 1de =
Ll ok LY ;
«C v psi v jmn v loghterval 0.55 v |a Y ops Y|lfmin v Loginterval 0.55 V| A
Figure5.44A Figure5.44B
9) When the temperature probes and reference | caode-ses coni 12 o x
thermometer are stable athe desired .
. . H HY 1 Reference {C) TS Read (°C) TS Raw (R) TCRead (*C) TCRaw (2)
calibrationpoint within the bath, type in the e R e
reference value, taking note of the units. e omss wems moses  wsws e
Pt3 30.837568 112.00331 30.100674 111.72833 Remove
Pt4 41.498177 116.07666 40.08667 115,56516 Remove
Pt5 50.810772 119.77467 48.605804 118.90041 Remove
Pt6 62.764328 124.35208 59.75008 123.20878 Remove
Pt7 72.485352 128.06541 69.316864 126.85271 Remove
e [ - ==
] m =)
Figure5.45

10) Repeat ste® for remainingvaluesat approximately-20, 0, 25, 50 and 75C.

Note: These exact temperature values are not necessary.
The calibration requires 4 to 5 distinct points over the probe range.

A minimum of 5 reference values must be entered before the Calculate icon is enabled

Note: You can remove a bad measurement (single value) by clickifgthevebutton, or

remove all recorded measurements by click the clear all.icon

11) If the Ts Readnd Tc Readvalues compare with the reference temperaturethin the expected
tolerance,record your data manually and close the window, then proceed to Section 5.2.3,

Temperature Probe Reinstallation

Otherwise, continue with steps 10 through 12 in order to calculate and save new coefficients

CG£40 Manual
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. . . . "2 Cal Mode - RHS Control 1.8.8 - a X
12) After entering the minimum required number of
readings, or more, click th@alculatécon. The et e s s e
new COGﬁICIentS Wl” appear on the bottom pu (101 | maimsos 104.2206 10.827468 104.22318 Remave
. . P2 [moz |t 107.6733 20.296852 10750855 Remove
portion of the window. mewwe e mawn wwan [
Pts 50.810772 119.77467 48.605804 118.90041 Remove
N T 12436208 55,7508 12320078 p—
Pz (e | masss 128.06541 69316864 12685271 Remove
Save TS? Save TC?
- Con sameers
» 8 i a
Figure5.46
13) After calculating temperature coefficients, selec e Aot )
which sensor (or both) you would like to save | <™ co s o g
then click theSaveicon. - »e 5
Figure5.47

14) After saving, observe the corresponding coefficients wingltowerify your coefficients were

properly saved:

a. SelecfTs] Sat Temperature Coefficienteom the dropdown list and verify the new

coefficients.

b. SelecTc] Chamber Temperature Coefficierftom the dropdown list and verify the new

Pageb5of 165

coefficients.
Measurements x
[Ts] Sat Temperature Coefficients hd
Measurements "
Set Points RD 100,266
Temperatures and Resistances 2 0.00351502
Misc b -5S8JE1E-O7
= -4, 18300E-12
[Tc] Chamber Temperature Coefficients
Averaging 10,0000
[rl] Chamber Liquid Temperature Cocfidants AverageBand [0.500000 =
[Ts] Sat Temperature Coefficients
[Tp] Presat Temperature Coefficients |§| &l B
ev ansion Valve Temp Coefficients
(Tev] B P Sat Temp 68,7955 BC
[Tr] Refrigeration Compressor Temp Ceefficients W Resistance 127431 0
Figure5.48 Figure5.49
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5.2.3 TEMPERATURE PROBE REINSTALLATION

1) Clean any residue from the probes after removing them from the bath.
2) Place the chamber temperature probe in the chamber, coiling |
around the cable holder, as needed.
Figure5.50
3) Insert the Sat temperature probe into the cavity and through th F‘
Swagelok nut from which It had been previously removed. Inse
AG a2 GKIG 2yfeé mkyé G2 mkné
visible.
Figure5.51A Figure5.51B
4) Tighten the nut using the deep acces&ench.
The Fwrench prevents overtightening.
Note:¢ KS { gl 3St 21 O2yySOGAizy dz
the nut. Overtightening may damage the ferrules, requiring
replacement. Figure5.52
5) Wrap the foam insulating plug over the cable and push into the cavity.
6) Place the round plastic plug over the cable and insert it fully to cap the hole.
7) Coil any excess cable and reattach at the clamp near the front of the saturator box,
where it was previously removed.
CG240 Manual 9/8/2026
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8) Ensure the saturator and chamber drains are closedhiove the
draintubes andNB Ay A SNl GKS mMkné RNI

9) Pour the previously drained fluid back into the fluid tank (locate
behind the chamber).

CAUTION: The CQ&0 must be filled with cooling fluid before
running.

10) After running the system for several minutes, be sure to close
vent valve located behind the chamber (top, center) near the
tank.

Figure5.54

With the vent valve open, air can more easily escape from the
system. However, an open vent valve causes the water tank tc
heat and cool with the chamber and saturator. The system
operates more efficiently with a closed vent valve, which then
provides somesolation of the tank from the chamber and
saturator temperatures.

CG&40 Manual 9/8/2026
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6 SUBSYSTEMS

This section provides details of the functional systems within the humidity generator. These subsystems include
the Electrical System, Pneumatic System, Fluid System, Refrigeration System, and Heaters.

6.1 ELECTRICARYSTEM

Thehumidity generatorequires 206240 VAC, 50/60 Hz, single phase power. Configuration for the AC input can be
either

1 LINEL, LINE2, GND (as is often the case for connection in the U.S., Canada, Mexico, Japan and Taiwan
where LINE1 and LINEZ2 are of opposing phase while each is approximatéB01\@8.C with respect to
GND)resulting in 20240 VAC between Line 1 & Line 2;

1 LINE, NEUTRAL, GND (often for Europe and many countries of Asia when LINE is approxin24i@ly 200
VAC with respect to NEUTRAL, with NEUTRAL and GND at the same potential.)
AC power enters the system via the power connector located at the back, paredferring AC into the system via
a 2 pole, 15 AMP circuit breaker switch. When this switch is turned on, AC power is also applied to the input of a 2
pole mechanical circuit breakarside the system behind the right door at the main control panel. This circuit
breaker CB8A & f I 6 St SR dal Ay t28SNWDE

Traveling through the circuit breaker, power is tHamanched to several location&C powers appliedto a 5V

power supplyline 1 and line 2 poweaire also applied tgolid-state relaysone for each power phas&hese two
solidstate relays SSR7 and SSR8t as master control to enable or disable heating and refrigeratiompressor

and fan, and all other AC activated components in the syst&npoweiis alsoapplied to solid-state relay SSR6

which controls a 24V DC power supply for powering the internal embedded computer, and a 12V DC power supply,
which runs the user interface PC.

6.1.1 DCPOWERSUPPIES

There are 3 independent DC power supplies in the system, each operating various functions.

6.1.1.1 5V DC POWER SUPPLY

A small 5V DC power suppBSU, provides exitation power only to

operate a few soligtate relays. The 5V DC power is applied through —

the main front panel power switcmounted belowthe computer P

monitor. When the power switch is pressed, this 5V DC applies an . D;r;
_ _ REEo P

enable signal to the twanaster controlsolid-state relays SSR7 and criraiom

SSR&8nentioned in the previous section. These two sdiidte relays C@ER‘gg

apply power to the bank of AC Circuit breakers on the lower portion i

the control panel. o

When the main power switch is on, the 5V DC is also supplied throU VXYl
a diode D2,to the solidstate relay SSR6which energizethe 12V and
24V power supplies.

Figure 6.

CG&40 Manual 9/8/2026
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6.1.1.2 12 VDC POWER SUPPLY

The 12V DC power supply is used to provide DC power to the monitor
the front panel only.

When the front panel switch is enabled, the 5V DC activates the-solid
state relay SSR6yhich activates the 12V DC power sup@igU2which
turns on the front panel monitor.

Figure 6.2

6.1.1.3 24 VDC POWER SUPPLY

The 24V DC power suppRSUS3, providgsower to nearly all functions of the main control system. It provides
power to the PC, the main controller board, some heaters, motors, senstelys and solenoids. When the front
panel power switch is enabled, 5V B@nm PSUZXctivates the soligtate relay,SSRewhich applies AC power to
the 24V DC power supply. Which, in turn, activates thetf&ontrol computer and remainder of the system.

6.1.2 EMBEDEDCONTROIBOARD

The Embedded Control Board, ECB,
operates the humidity generator by
performing all functions required for
system control and humidity generation. Al
temperature, pressure, flow, and liquid
levels are continuously monitored and
controlled by actuation ofalves, relays,
pumps, heaters, and other outputs. It
communicates to the outside world (for
instance, tathe embeddedPC) through one
of three independent bidirectional RZ32
serial communication ports. All data and

*“[ 2

? | ‘ \\“““ll’ ]
theseserlalports .2l Vil S S [‘\ |

Ilwiwai L

NBaARSa 6AGKAY GKS
ECBsoftware consists of RHS custom
developed code, coupled with a higipeed
multi-tasking reatime operating system.
Via this multitasking embedded software, ' ' Figure 6.!
the ECBorchestrates the secontb-second

operation of the humidity generator based on command input from any of the 3Jorts.Supervisory operation

CGL40 Manual 9/8/2026
Page59 of 165



Subsystems

such as set points (RH, dew point, flowrate, etc.) are transmitted to the controller board via the touch mouitor an
PC.The job of theECHs to accept these set points, continuously measure the various analog and digital sensors,
and control the various electrmechanical actuators in order to bring about and maintain the desired set point
conditions.

Instrument specific configuration and calibration information, such as sensor coefficients, may also be written and
read via any ofthethree RSon L2 NIida IyR NBAARSAE gAGKAY (GKS 9/ .Qa 9t SC
(EEPROMAII coefficients and other parameters are available via the touch manitor

Voltage regulators on thECBake the 24VDC input power and generédeal+12VDC, +5VDC, and +3.3VDC
needed for various components on and off the board. DC power for sensors, relays, pumps, and others are
supplied directly from the ECB.

6.1.3 PRECISION TEMPERATMEBASUREMENBOARD PT12

A PrecisiomemperatureMeasurement Board containingraulti-channel,24-bit, analogto-digital converter
measures all temperature sensors. Two of the channels are dedicated to system reference resistors. In addition to
the reference resistors, the following temperature probes are measured:

Tp | Presaturator Temperature

Ts| Saturation Temperature

Tc | Chamber Temperature

Tcl | Chamber Fluid Temperature

Tev | Expansion Valve Temperature

Tr | Refrigeration Compressor Temperature

P l‘m“ll“'““‘ unmmim' H}Hllll"l;l G

MRS TR SRS, OORATIONY

Tpu | Access Port Upper Temperature

Tpc | Access Port Center Temperature

Tpl | Access Port Lower Temperature

All temperature sensors in the humidity generator are ' Figue 6.
10mt £ FGAYydzy wSaaxaidlryOS ¢KSNY¥Y2YSGISNE 6t weQaood

The board measures all thermometers using full current reversal DC pulse mode excitatiio-metrically

compares these raw probe measurements to measurements of the precision reference resistors to determine their
preciseresistance values.

¢tKS NBaradlyOoS @I ftdzSa INB (GKSy O2YLIzi SR Ayid2 ANhERA QDA Rdz
results are provided to the ECB aia R&232 connection on UARTTVhe Precision Resistance Measurement Board
requires 12 VDC which is supplied from &i@3 port of theECB.

CG&40 Manual 9/8/2026
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6.1.4 SOLIBSTATEACPOWERRELAYS

There are 5 solidtate relays labeled SSISBER5 connected to the 3‘ mantiis] el k = k i
main controller board. The main controller board provides them N‘ ‘\. ’k’ o S

with the 5V control signals. The AC siief these soliestate relays  § ssr1 | SSR2 [ SSRS | SSR4 | SSRS
are connected to the various components and provide AC power | <o et dit s
those components when activated and when their associated circ ' .

breakes areturned on.

Figure 6.5Actual relays may look differen

6.1.4.1 R134A COMPRESSOR POWER

SSR1 is activated by output A0 of EB€Bnain controller board. When activated, AC power is applied fcowuit
breaker,CB2through SSR1 to the refrigeration compressor.

6.1.4.2 PRESATURATOR HEAT

SSR2 is powered by output Al of tBEBmnain controller board. When activated, SSR2 applies AC power through
circuit breaker CB, to the pre-sat heater. The amount of heat applied is controlled by pulse with modulation of
that output A1 on the main controller board.

6.1.4.3 SATURATOR HEAT

SSR3 is activated by output A2 of tB&@Bmain controller board. When activated, AC power is applied through
SSR3 andircuit breakerCB4to the Sat Heater. Control of heat is regulated by the pulse with output from main
controller board output A2.

6.1.4.4 CHAMBEREAT

SSR4 is activated by output A3 of (B€Bnain controller board. When activated, AC power is applied to the
chamber heatr through SSR4 ardgircuit breaker, CB, to power the heater. Control of heater power is maintained
by pulse width modulation of the main controller boards output A3.

6.1.4.5 CHAMBER FAN

Output A4 of theECBmain controller boardactivates SSR5. When activatd@ power is applied through SSR5 and
circuit breaker, CB, to the chamber fan activating the fan. The fan is generally on or off and is not speed
controlled.

CG&40 Manual 9/8/2026
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6.1.4.6 POWER SUPPLY UNIT RELAY

Output A5of the ECB Main Controller boaadtivates SSR6. When activated, SSR6 applies AC power to € 12V
power supply, PS2, and the\2®Cpower supply, PS3. The 1REpower supply powers the monitor and the
24\DCpower supply powers all other functions within the machine.

6.1.4.7 MAIN POWER RELAYS

The AC main power relays, SSR7 and SSR8, are used to apply power toga
rest of the systemSSR8 iactivated through 1 of 2 methods. Method 1: This ; ;
5V power supply, R8, applies 5V power to activate the relays via the fro e
panel power switch, just below the monitdviethod 2:If the computer is +3/A1/\ R - 13N 4R
up and running, it also provides a 5V signal to keep the relays activated.

INPUT STATUS INPUT STATUS

SSRY7 is activated from the main ECB when generating. 40-32v0C 40-320c
crydorm crydorn
_— ) ) CKRD2420 = CKRD2420
SSR&initially turned on by the front panel poweswitch butis allowed to @ AN @ oW

remain on by the computer. Now, if the front power panel switch is then b e
turned off, SB8remairs on becausét is activatedby the computer at that HO 200 208

OUTPUT OUTPUT
24-280VAC 24-280WC
20A 204

time. Once the computer shuts itself off, it removes the power from the S 4
1;/71_1 2/2 /u 2/m

activation andSSR8huts off, removing AC power from the rest of the

system.SSR7 will shut off when the system is not generaiivigen SSR7
and SSR8 are off, the only portion of the system activated is just the 5V
power supply. Figure 66

6.1.5 DC RELAYS

There are two DC relays used for powering heaters within the system. Thes
two heaters provide power to heat the outer windowpane when needed,
and/or the window frame.

1

hneider

"D Eleceric
" .‘Eu‘«;‘ c B

6.1.5.1 DC RELAY 1, DCR1

Schaeider §

‘Sc

The DC relay 1, DCR1, is activated by the main controller boards A5 outpu
When activated, DCR1 applies 24V DC power to the window outer pane
heater. TR

6.1.5.2 DC RELAY 2, DCR2

DCRZ2 is activated by the main controller board, A6 output. When activated,
DCR2 provides 24V DC power to heat the window frame.

Figure 6.7

6.1.6 CHAMBER LIGHT

The chamber is illuminated by an LED strip mounted on the outside of the window. It is powered by 24VDC
through ECB RLY Mhen the light is turned orthe ECB RLY 14 sources 24VDC to active the light. An LED at RLY
14 also indicates the relay status. When the LED is on, the chamber light is on.

CG&40 Manual 9/8/2026
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6.2 PNEUMATIGYSTEM

The pneumatic system is responsible for control of gas flow and pressures throughout the system. The pneumatic
system consists of the following major componeras:dryer/filter, pressure regulator, flow metesir inletvalve
flow control valve, presaturator, saturator, expansion valve, and gas outlet.

Pressurized afirst passes through an integrated air dryer and filter assembly, and then thedwessure

regulator where it is regulated to the desired value as set by the regulator knob. The pressure is indicated by the
dial gaugeand anover-pressure safety relief valve is also connected at this pbiptn leaving the pressure
regulator,the gasflows to the flow meter

The flow meter measures both the flow rate and the regulated gas pressure. Gas flows through the flow meter to
the air inlet solenoid, SOL This solenoid is only open (energized) during system operation (while generating
humidity). During times the system is idle, or the power is off, this solenoid remains closed, removing inlet
pressure from the remaining portions of the system.

During operation, when the Air Inlet Solenoi@I, isactivated gastravels to the flow control valve.

The flow control valve,  is a specially designed steppaptor-driven graduateebrifice plug valve, used for
controlling flow rates as low as approximately 1 I/min to as high as 100 I/min (depending on system design). To
increase system flow rate, the stepper motor will rotdte plug to a position with larger orifice.

To reduce the flow rate, the stepper motor will rotate the plug in the opposite direction to a position of smaller
orifice. Flow rate is therefore maintained by the rotational position of the plug. The position is controlled by the
stepper motor, under cotrol of the ECBusing feedback from the flowmeter.

Thegas thentakes one of two paths through the presaturator systenitatvs either through thepresaturator (to
humidify the air)or through a presaturator bypassif pre-saturation is not needed athe current conditionk The
desired gas path is establishbg momentary activatiomf latching solenoid SOL 85selectthe presaturator gas

path, or latching solenoidBOL Bto bypass the presaturatoAfter flowing through or bypassing the presaturator,
gasthen flowsthrough the saturator (to precisely stabilize the air temperature and condense out any excess water
vapor), and finally to the expansion val¥. Like the flow control valve, the expansion valve is also a specially
designed steppemotor-driven graduateebrifice plug valve.

The expansion valve is used as a bagssure regulator to control the pressure of the gas flowing through the
saturator. Saturator pressure is controllable from near ambient to nearly as high as the regulated inlet pressure.
Saturator pressure control achieved and maintained, at a given flow rate, by the rotadigrosition of the plug
which is set by the stepper motor under control of the ECB using feedback from Saturator PresSatardor
pressurds determined by measurinpe high range pressure sensoly (for sat pressure 25 psi and higher) or by
low range pressure sensor ffor Sat pressure below 25 psi).

As thehigh-pressuregas from the saturator passes through the expansion val2git \6 expanded to a lower
pressure, typically ambient pressure. After leaving the expansion valve, the gas passes shheaglexchanger to
condition its temperature before being directed into the chamber. Gas may exhaust from the chamber through
intentionally open ports, or via the dedicated exhaust port through the rear chamber wall. Gas esdoatingt

room.

Anormally opensolenoid valve, SL2, is used to depressurize the saturator during shutdown and whenever the
humidity generator is powered off.
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Chamberpressure R, is measured by theow Rang®ressure Sensor,Rvhen SOL 5 is active. When the

saturation pressure is below 25 psia, SOL 4 may activate, deactivating SOL 5, and allowing the saturation pressure,
P, to be measured by the Low Range Pressure SensdfpPsaturation pressure higher than 25 psia, saturation
pressure, B is measured by the High Range Pressure Sensor, P

6.2.1 FLOWMETERFL1
The flow metey FL1measures the flow rate of the incoming gas stream at the inlet of the presaturator Itis
powered from 24 VDC and is read viaZ33 communication. It is connected
RANBOGE & (2 12 W3 tdthe flaWeneter is pravided by UARTIR
and UARTOGND Measurements from the flow meter are queried and received s
via R&32. Queries go out from the ECB on UARXOReplies from the flow
meter are received on UARTRX Signal ground connection is at UARTO_GND.
Typical communication is at 9600 baud, 8 data bits, 1 stop bit, no pahgy.
flowmeter is pneumatically connected just after the inlet pressure regulator. In
addition to the flow measurement function, the flow meter also incorporaes
pressure sensor used to measure the regulated gas pressure. Flngpa@issure
sensor is an integrated part of the flow meter anddadby the systenmalong

with the flow measurement

The pressure regulator is used to set theinipressurewhichis also indicated on
the dial gaugeKigure. 6.8).

Figure6.8

6.2.2 AIRINLET SOLENOID, SOL 1

The Airlnlet solenoid valve, SOL 1, allows airflow to the system. When the
KdzYARAG®E® 3ISYSNI G2NJ Aa 3IKROSNIsaurkes 245
VDC to activate the Aln solenoid. An LED at RLY 8 also indicates the rel
status. When the LED is dhg solenoid is activated, allowing gas flow.

Figure6.9

6.2.3 FLOW CONTROL VALVE, V1

The flow control valvév1), shown in Figure 6.165 a steppemmotor-drive valve used for controlling flow rate

through the system. The stepper motor is positioned by a stepper controller, SD1. The ECB communicates with the
stepper controller via UART2 configured fewRe R&245 communication. Commandse sent to and received

from the stepper controller via UART2_ D+ and D

CG&40 Manual 9/8/2026
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SD1 is configured for communication on address 0 at 9600 baud, 8 data bits
stop bit, no parity. SD1 is powered by 24VDC from UART2_ +24V and UAR
GND.

Based on positioning commands from the ECB, the stepper controller actuat
the stepper motor. A single, optical limit switch, SW1, connects to the steppe
O2 y i NR3Adigi®NREIdzi YR ARSYGAFTASa (KS
position.

Figure6.1C

6.2.4 PRESATBELECT SGS5/ PRESABYPASSSOL3B

Gas leaving the flowmeter is directed toward the presaturato

it may be advantageous to bypass presaturation and inject th§
gas directliytoward the saturator.A latching valvés drivenby
two solenoids (SO8Sfor presaturator selection and SOB for
presaturator bypasghat work together to create the
select/bypass functiorMomentarily energizing SGiSvia a
short pulse of 24 VDC from ECB RLY3 latches the valve to t
presaturator gas path. Momentarily energizing SBW\ia a
short pulse of 24 VDC from ECB RLY4 latches the valve to t
preset bypass gas path.

As the latching valvés a pressure assisted valve (externally

1 A w . A AN 7oA " ~ ~ Ei 6.11 ~ «
LAt 20G8R OFt @805 SEGSNYEE LIAt23 LINBaAadNB A& 2601 %Y SR

6.2.5 EXPANSION VALVE, V

The expansion valv®2, is a steppemotor-drive valve used for
controlling saturation pressure at any given flow rate through the
system. The stepper motor is positioned by a stepper controller, S
The ECB communicates with the stepper controller via UART2
configured for 2wire R$485communication. Commands are sent tg
and received from the stepper controller via UART2_ D+ an8DR
is configured for communication on address 1 at 9600d)& data
bits, 1 stop bit, no parity. SD2 is powered by 24VDC from UART2
+24V and UART2_ GND.

Based on positioning commands from the ECB, the stepper contrd
actuates the stepper motor. A single, optical limit switch,25W
connects to the stepper controll€&3digital inputand identifies

the valvesfully closed (home) position. Figure6.12
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6.2.6 HIGH RANGBERESSUR&ENSORPH

Thehigh rangepressure sensor,nPmeasures the saturation presswentmuously It is powered fronl2 VDC and
|s read via R—385 communlcatlon on deV|ce address 01 Itis 7

AAAAA

is provided by UARTIR+and UARTGND Measurements from the
pressure sensor are queried and received via addressabi8R 2
wire, halfduplex modevia theRS485 connection between the ECB
and pressure sensor on UARDtand D-. Communication
parameters are set at 9600 baud, 8 data bits, 1 stop bit, no parity.
Since UARTL1 is configured for485 communication, it connects to
both the saturation pressure sensor (using address 01) antbthe
rangepressure sensQr

PL (using address 0).

6.2.7 LOW RANGEBRESSURE&ENSORRPL

Thelow rangepressure sensor, Pis connected selectable pressure
manifoldand typically measures the ambiechhamberpressure. The
pressure sensor is powered frot?2 VDC and is read via-B8b
communication on device address 0. It is connected directly to the
9/ . Qa 12 VD{itotise pressure sensor is provided by UART1
12+ and URT1 GND

Figure6.13
Measurements from the pressure sensor are queried and received via addressat88 RS

2-wire, halftduplex mode. R885 connection between the ECB and pressure sensor on UaRard D-.
Communication parameters are typically set at 9600 baud, 8 data bits, 1 stop bit, no parity. Since UART1 is
configured for R885communication, it connects to both the saturation pressure sensor (using address 01) and
the external pressure sensor (using address 0).

To enhance accuracy of generated humidity, the low range
pressure sensor is allowed to alternately measure chamber
pressure and saturator pressure when saturator pressure is
low (meaning relative humidity is high). When sat select
solenoid, SO4, is activated via 24VDC from ECB RLY 9, the
low range sensor connects pneumatically to the saturator to
measure sat pressure. For measurement of chamber pressurg
SOl4 is deactivated and chamber select solenoid, 50¢ =)
activated via 24VDC from ECB RQ.YThe low range sensor ' Fiaure6.14
connects pneumatically to the chamber. SO4nd SOB are

never activated at the same time.

When sat pressure is below 25 PSIA, $@hd SOEb alternately switch ON/OFF to allow the low range pressure
sensor to alternately measure saturator and chamber pressure. When sat pressure is higher than 25 fsia, SOL
activates to ensure the low range sensor measures only the chamber pressure during that time.
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6.2.8 VENT VALVE, SQL

The vent valve,SL2, is used to vent pressure from the saturator
during shutdown and whenever the system is not generating
humidity. It is configured as a normathpen valve, meaning that it
vents whenever it is denergized (whenever there is no power
applied).

When the humidity generator is generating humiditpL2 is
energized to allow the saturator to pressurize normally. When the
KdzYARAGE 3ISYSNIG2NJ Aa 3ISHROMBE G
sources 24 VDC to energize the vent solenoid causing it to stop
venting. An LED on RLY also indicates the relay status. When the
LED is on, the solenoid coil is energized and the valve is not venting.
Note that during normal operation of the humidity generator, the coil
is energizedndthe valve will be hot to the touch.

/ hbe¢wh]

Figure6.1&

6.2.9 DRYER BLEED, SOL 10

The air dryer operates bgontinuouslybleedinga small flow ofir
pastawater permeablenembrane. The air dryds equipped
with a dryer bleed valvélVhen the system is running, the bleed
valve energizes to activate the drying operation. While drying,
few liter/min of air bleeds from the dryekVhen the system is
shutdown anddry air is no longer requiredhe valve deactivates,
preventing air from bleeding unnecessarily. If no bleed valve is @
installed, the dryer bleeds continuously regardlessystemrun
status or dry air demand.

5
Qvz-80-0LZAE-SHY

wosyi@yoddns
WOD'SYIMMM

|

Figure6.15B

6.3 FLUIDSYSTEM

There areseveralseparate and distinct fluid systems in themidity generator Thesaturatorfluid circulation
system, utilizing 80-50%concentrationof glycolin water, is used to control the temperature of the saturator. The
fluid in this system, while thermally coupled to the saturator, never comes in direct contact with the gas stream.

The chamber fluid circulation systentilizinga 3650%concentrationof glycolin water, is used to control the
temperature of the chamber and window. The saturator and chamber fluid circulation systems, while
independently controlled, utilize a common fluid expansion tank and therefore share a common fluid source.

A separate fluid system, utilizing distilled water only, is used to humidify the incoming gas, and is the main source

2F KdzYARAGE Ay (GKS adaeaidsSyQa 2dzidz2ay3 3L a aaGdNBlFYd | dzYA R,
within the presaturator This liquid level control system requirssfficientdistilled water supplyevel be

maintained by the operator. A distilled water reservoir tank is located within the lower cabinet.
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6.3.1 DISTILLEWATERSUPPLY

Distilled water is required and must beaintaired at a sufficient level
in the distilled water reservoir tank in the lower cabinet. This tank is
connectedvia a suction tube to theresaturator viathe preset fill

pump.

The operator is responsible for maintaining distilled water in this tank
filling it when required.

While the initial fill of a new system may require up to 2 liters of
distilled waterto reach the desired presaturator water level nee¢led
ongoing water usage by the system is rather low.

The tank may be refilled (or toppagp) at any time, even while the
system is running. The distilled water supply tank should always havt
minimum level of at least a feimches (severatentimeterg of water,
keepingthe suction tubenlet below the water level.

It is theoperatorsresponsibility to ensure that there is sufficient water
in this supply tank at all timesVhen full, there is sufficient water for at
least24 hours continued operation at the highest temp/humidity
generator conditions.

Figure6.1€

Use of deionized water is not recommended as it tends to be ionically
aggressive to stainless steel and may cause pitting optegaturator
andsaturator. Distilled water, even that which is purchased at local
grocery or discount stores, is generally preferred over deionized wate

Figure6.17
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6.3.2 PRESATURATQRQUIDLEVELSYSTEM

The presaturator liquid level system maintains the §
water level within the presaturator. This is done
automatically utilizing an electrontabe liquid
presence sensog high-pressurepump, P2 and a
liquid level sensor within the presaturatdVhen
activated, the pumpP2pullswater from the distilled
water supply, through a suction tubpast the tube

liquid presence sensor and into tiégh-pressure Palan / :
py = &8

pump P2Water is pressurized through P2 and
entersthe presaturator. Since thisigh-pressure
pump can fill the presaturator while the system is generating humidity, the system can operate for
extended periods without the need to shut down.

Figure6.18

The water level of the presaturator is detectedthy ECB with a conductivity measurement of the liquid level
probe, LLPwhich is connected t&ANALOG LEVEL INPUM@L 4. This circuit converts the conductivity analog
signal to a digital signal level and routes it through jumper 4 to the digital LEVEL INPYI¥Sto be sensed by the
ECB software. An LED at LEVEL INPAWIS indicates a low wex level

when ON.

This low presaturator water level is sensed by the ECB software which then activatéghipeessurepump, P2,

by creating a 24 VDC square wave on DC CONTRML The square wave sequentially activates/deactivates the
solenoid of P2 causing it to pump water into theesaturator. When water is detected at thpgeset liquidlevel
sensor, the LED turns off.

Pumping is then halted by the software by deactivating the
square wave at Rl4 When not actively pumping, the output of
RLMA & 2FFX | yR (KS LldzY lelteeyized 2
state.

The tube liquid presence sensor, LLT, looks for large air gaps
within the suction tube. Air gaps in thésiction tubegive Chambar Orain o
warning of low tank waterand f detected, the system will shut S reest Orain

down with acorresponding error code.

Inside he back panglFigure 6.19}s a drain valve and port,
labeled Presat Drain, and is used to manually drain water fro
the preset if desired. FigureG.l

CG&40 Manual 9/8/2026
Page69 of 165



Subsystems

6.3.3 SATURATOR.UIDCIRCULATIORYSTEM

TheSaturatorFluid Circulation System is a circulatmixture of Chamber

Heater/‘-;‘QT

glycol and wateused to control the temperature of the saturator.
Controlling the temperature of the fluid controls the temperature
and stability of the saturator and the resulting generated humidi
The fluid circuit consists of several significaomponentsfluid
pump, heater, refrigeration evaporator, saturator, and the fluid
expansion tanksee Figure 6.22)

Water circulated from the fluid pump,3exits the top of the
pump, passes through the refrigeration evaporator, cooling as
necessaryThe fluid therpasses through theaturatorfluid heater,
H2,and is heated as necessaRrom there, it flows through the
saturator and ultimately back to the inlet at the bottom of the

pump.

A small expansion tank is also connected to the bottom pump in
allowing for temperature induced variation in the overall fluid
volume.

2 KSy (KS aeaidSy A& 3ISYySNridAy3
DC CONTRQIRLYL to the fluid pump B. An LED at RIIY¥ndicates
when it is active and power is applied to the pump. Note that the
fluid pump has builin circuitry to protect against dry run
conditions andmnay therefore take several seconds to power up to
full speed when activated.

Figure6.2C

Both the saturator fluid circulation system and chamber fluid circulation system share a common expansion tank.
The tank is located at the upper ldfand corner of the system, behind the chamber.

6.3.4 CHAMBER FLUID CIRCULATION SYSTEM

The Chamber Fluid Circulation System is a
circulating medium oflycol andwvater used to
control the temperature of the saturator.
Controlling the temperature of the fluid controls Ex
the temperature and stability of the chamber and 6
the resulting generated humidity. The fluid circuit [l
consists of several significant components, fluid
pump, heater, refrigeration evaporator, saturator, &
and the fluid expansion tanfsee Figure 6.22)

cooling as necessary. The fluid then passes througkliaeberfluid heater, H3,and is heated as necessary. From
there, it flows through the chambgacketand the inner pane of the door windoand ultimately back to the inlet
at the bottom of the pump.
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A small expansion tank is also connected tofthi loopallowing for
temperature induced variation in the overall fluid volume.

2 KSy (KS aeaidiSy A& 3ISYySNridAy3a:s
CONTROG.RLY 2 to the fluid pump, P4. An LED at RLY 2 indicates

it is active and power is applied to the pump. Note that the fluid pump
has builtin circuitry to protect against dryun conditions and may
therefore take several seconds to power up to full speed when
activated.

Both the saturator fluid circulation system and chamber fluid circulatig
system share a common expansion tank. The tank is located at the
upper lefthand corner of the system, behind the chambEhne
expansion tank (coolant reservoir) contains a liquid level probe to ver
the system has sufficient cooling fluid before operation.

Figure6.22

6.4 REFRIGERATIGNSTEM

The refrigeration system is a hermetically sealed, cldseg cooling
system used to cool the circulation flsi@éf the saturator and chamber |
The refrigeration system is charged w8 ounces(1 Kg of R134A
refrigerart.

Refrigerant is compressed into a hdatlenhigh-pressuregas by the
R134A Compressor. Thggh-pressurehot gas is passed through the-air g8
cooled condenser. The refrigerant cools and condensesigta Y.
pressurdiquid as it passes through the condenser. Tilgh-pressure
liquid accumulatedn the receiver. Liquid from the receiver passes ' ;
through the filter/drier and the site glas$hishigh-pressurdiquid is Figure6.23
then metered into the evaporator via the Sat Cool soleramd

chamber cool solenojcabsorbing heat (cooling) as it expands tow-pressuregas. The low pressure, helaiden

gas is then returned to the suction side of the R134A compressor where the process repeafBhitsealfrigerant

suction side pressure is measured by a pressure transducefhertefrigerant high side pressure is measured by

a pressure transducer, Prh.

The Sat Cool solenoid is controlled by the ECB using pulse width modulation based on the bath temdrature.

Chamber Cool solenoid is controlled by the ECB using pulse width modulation based on chamber temperature.

6.4.1 COMPRESSOR

The R134A compressor is a hermetic refrigeration compre€$oMP1, whicks capable of pulling to low
pressures on the input side, amiloducinghigh pressures on the discharge side.

During times of normal cooling demand, the compressor runs continuously. When there is no cooling demand for a
period of time, such as when the system is being heating to a warmer temperature, the compressor is turned off

completely until the system oncegain requires cooling control.
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The refrigeration compressor is activated by BOBactivating thesolid-staterelay, SSR1, which applies AC power
to the compressor through circuit breaker, CBEDs at EGB0 and SSR1 are lit when power is applied to the
compressor. Even with the LEDs on, power may be removed from the compressor by turning off CB2

6.4.2 CONDENSER ANAN

The refrigeration condenser cools thigh-pressurehigh temperature gas output from the refrigeration

compressor, condensing it into a room temperature liquid. Heat from the condenser is exhausted into the room by
the condenser fan. The fan runs continuously whenever power is applied to the speteided the RL34A fan

CB1is ON

6.4.3 SATCOOLSOLENOIDSOL6

The saturator temperature is maintained by heating or cooling the circulatin
fluid as needed. Cooling is accomplished by refrigerant injection through the
sat cool solenoid valve S®L6. This valve is actuated by a 24VDC pulse widt
modulated signal. When energized, the valve opens allowing refrigerant to &
injected into the evaporator, causing it to cool the circulating fluid. The pulsd
width of the valve directly controls the amount efrigerant injected, thereby
affecting the temperature of the fluid. The valve is generally pulsed at a fixe
AYGSNIDIE 6AGK GFNBAY3I Llz &S 6 AR(KGC
DC CONTRQ@IRLY5 sources 24 VDC to the sat cool solenoid, causing it to
open and inject refrigerant into the evaporator. An LED at34l%0 indicates
the relay statusWhen the LED is ON, the valve is energi&adurator
temperature is measure by temperature probe, Ts.

6.4.4 CHAMBER COOL SOLENOID, SOL 7

The chamber temperature is maintained by heating or cooling the circulating
fluid as needed. Cooling is accomplished by refrigerant injection through the
sat cool solenoid valv&§OL7. This valve is actuated by a 24VDC pulse width
modulated signal. When energized, the valve opens allowing refrigerant to be

injected into the evaporator, causing it to cool the circulating fluid. The pulse width of the valve directly controls

the amount of refrigerant injected, thereby affecting the temperature of the fluid. The valve is generally pulsed at
afixedintervalwik @F NBAYy 3 Lldzt &S 6ARGKD 2 KSy (KS a@BUYSY NXBIj dzA NB a
sources 24 VDC to the sat cool solenoidistiag it to open and inject refrigerant into the evaporator. An LED at RLY

6 also indicates the relay status. When the LED is ON, the valve is ene@iiaether fluid temperature is

measured by temperature prob&cl Chamber temperature is measured by temperature probe, Tc.

Figure6.24

6.4.5 EVAPORATOR

The refrigeration evaporatararebrazed plate heat exchanger thermally coupling $la¢ and chambefluids with

the R134A refrigerant system. One side afleevaporator is connected to the refrigeration system, while the
circulating fluid flows through the other side. As liquid refrigerant is injected into the evaporator, it expands into
gas. This expansion causes cooling (by absorbing heat), which lowéesnwerature of the circulating fluid

flowing through the other side.

Saturator fluid flows through one evaporator to cool the saturator. Chamber fluid flows through the other
evaporator to cool the chamber.
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6.4.6 REFRIGERATIGMRESSURENSOR, PRL& PRH

The refrigeration lowside pressure sensorgi’measures the suction side
pressure of the refrigeration compressor. Readings from this sensor are i

VDC output. The sensor is connected to the ECB at A/D INPAIISPower
for the sensor is applied from All2V+and ADDb 5 ® ¢ KS a Sy i
output in the range ofl to 5 VDC is connected to ABIG.

The refrigeration higiside pressure sensorgrk measures the discharge sidg
pressure of the refrigeration compressor. Readings from this sensor are i
gauge (relative) pressure. The sensor is powered from 12 VDC and ias 4
VDC output. The sensor is connected to the ECB at A/D INPAOT Power
foNJ 6KS aSyaz2NJ Aa | LIWXASR TNBY ! 5n
output in the range of 1 to 5 VDC is connected to ADO SIG.

Figure6.25

6.4.7 EVAPORATOR BYPASS SOLENOIB, SOL

times of high demand when cooling from high temperatures to low. It injects
refrigerant directly into the compressor suction line to overcome the heat
removed from the system inneattempt to keep the compressor cool. This valve
actuated by a 24VDC pulse width modulated signal. When energized, the valv
opens allowing refrigerant to be injected directly into the suction line, cooling t
compressor. The pulse width of the vablieectly controls the amount of . 4
refrigerant injected, thereby affecting the temperature of the fluid. The valve is &%
generally pulsed at a fixed interval with varying pulse width. When the system
NElj dzA NBa 02 2f Ay 3 3¢RIiK7Soutcés 24AMDAHE sat dodi b ¢ 4
solenoid, causing it to open and inject refrigerant. An LED a7 RIS indicates l Figre6.2e
the relay status. When the LED is ON, the valve is enerdihedefrigeration compressor

temperature is measured by temperature probe, T
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6.5 HEATERS

The humidity generator requires several different heating zones to properly create and maintain humidity without
fear of adverse condensation. Heating is required in the presaturator, circulating,fand expansion valve

6.5.1 PRESATURATOHEATERH1

The presaturator warms the incoming gas to
oversaturate it with water vapor. This is
accomplished through heating of the presat water,
A 1500watt stainless steehsulated immersion
heater provides this function. The prasvater is
warmed to and maintained at setpoint through
pulse width modulation of the heater using
feedback from the prest temperature sensor, Tp.

2 KSy KSIFGAYy3 Aa NBI dzigNJ
Al digital output activates solid state relay SSR
which completes the AC current patitrough
circuitbreaker CBto the presaturator heater. 20 & Figure6.27
digital output is visually indicated with an adjacent LED.

The heater ON status is also indicated with an LED oadligstate relay SSR2AC power to the heater is also
protected by a thermal cutout switch, TH1, which removes AC power in the event of over tempeffdtarpresat
temperature is measured by temperature probe,

6.5.2 SATURATOR.UIDHEATERH2

The saturator temperature is maintained by heating or
cooling the circulating fluid as needed. Heating is
accomplished by activating a 5®¢att stainless steel
insulated immersion heatek2 inserted in the
circulating flud. The circulating fluid temperature is
warmed to and maintained at setpoint through pulse
width modulation of the fluid heater using feedback fro
the saturator temperature sensofls. When heating is
NBIlj dzA NBRXI (KS ¢2digi@aboutput / h
activates solid state relay SSRhich completes the AC
current paththrough circuit breaker, CBth the fluid
heater.

Figure6.28 Figure6.29

A& RAIAGEE 2dzilddzi Aa QOAadzadftfte AYRAOFGSR gAGK Iy FR2lFO
the SSR3AC power to the heater is also protected by a thermal cutout switc@, WHich removes AC power in
the event of over temperature.
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6.5.3 CHAMBER FLUID HEATER, H

The chamber temperature is maintained by heating or
cooling the circulating fluid as needed. Heating is
accomplished by activating a 79¢att stainless steel
insulated immersion heater, H4, inserted in the circulati
fluid. The circulating fluid temperata is warmed to and
maintained at setpoint through pulse width modulation o
the fluid heater using feedback from tlehamber fluid
temperature sensor, &

2 KSy KSFGAy3a Aa NBIlj dzNBRZ
digital output activates solid state relay SSR4 which
completes the AC current path through circuit breaker,
CBS, to the fluid heater.

= . . . B} Figure630 Figure6.31
'oQa RAIAGI T 2 dzilydeladjdcentEDA adzl £ £ € AYRAOI USR

The heater ON status is also indicated with an LED on the SSR4.

AC power to the heater is also protected by a thermal cutout switc, iWHich removes AC power in the event of
over temperature Chamber fluid temperature influences chamber temperature. Chamber temperature is
measured by temperature probe, Tc, mounted inside the chamber.

6.5.4 EXPANSIONALVEHEATERHA4

As the gas expands from a high pressure to a lower
pressure, it cools. To offset this cooling effect, and also to
prevent unwanted condensation in the expansion vawe,
the valve is heated.

Heater H4 is comprised ofsmall heateiinstalled in the
valve plugand a custom heater foil adhered the outside
of the valve bodyThey are connected in parallel.

Expansion valve heating is accomplished by activating the
9/ . Qa 5/ ¢RLN Bté selrde 24 VDC to the heaters.

Figure6.32

RLY2Q& 2dz(i Lddzi A& @A adz ff & Whey tRALED i&§ GN\R theshkalieks ark active. R2 | OSy i [ 95

The expansion valve is heated and maintained at temperature through pulse width modulation ¢f &difvgl
feedback from the expansion valve temperature sen3ev, The valve is normally wrapped in a custom molded
thermal insulator(not shownin Figure 6.3p
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6.5.5 ACCESS PORT HEATERS

The systenhas three access portm the left side of the chambeFEigure 6.33 shows the three ports, as seen when
the side panel is removed.

To prevent condensation during high temp/high humidity
generation,eachport is equippedvith independent
temperature measurement and controlhe ports are heated
and maintained at desired temperature through pulse width
modulation of their respective relays, using feedback from the|
associated temperature sensors. '

The upper access paemperature Tey, is measured on
temperature channel T1® lowwattageheater, H7,is
connected to RLY 1Bleating is accomplished by activating the
9/ . Qa 5/ ¢RLN &té seick 24 VDC to the heaters.
RLY16& 2dziLJddzi A& @A&dz ff & Whey
the LED is ON, the heaterastive.

The center access port temperatyrég is measured on
temperature channel T11, A lewattage heater H8,is
connected to RLY 1Heating is accomplished by activating the
9/ . Qa 5/ ¢RLN b7ttorshufce 24 VDC to the heaters. |
wl[, MT Q& 2 dzi Lidz{ibyanadja@enti Bt Wiied
the LED is ON, the heater is active.

The lower access poremperature Tpy, is measured on
temperature channel T12. A lewattage heater H9,is
connected to RLY 1Bleating is accomplished by activating the
9/ . Qa 5/ ¢RLN b9dtorshufce 24 VDC to the heaters.
w[, M@pQa 2dzilizi Aa GAradzaftfte AYyRAOIGSR gAGK

Figure6.33
Ly Ok
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6.6 CONNECTIONS TO THEB

The Embedded Controller Board (ECB) has many different inputs and outputs used to opesystene Grouped
by functional type, the following tables in this chapter list the various inputs and outputs of the ECB and reference
the specific sections of this manual where each input or output is discussed.

uuuuu'

AOQ ATE ’"I:i BOC :[

Figure 6.3
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6.6.1 DCCONTROL

¢KS 9/ .Qa&a 5/ [/ hb ¢ wh RLYEBo@Ers\values, motofs, heateis Kad etz T iese devices
receive their 24 VDC power directly from the relay connector. These relay outputs power their connected devices
directly, sourcing up to 2 amps each. The (+) pin of each relay connector is haddon@4 VDC. The)(pin of

each channel switches in ground via the relay. Each output channel has an adjacent LED. When an LED is on, it
AYRAOFGSa KI Jipinisipdleddpnpuynd alavanyddentdo flow through a connected device

Relay Description Reference Relay Description Reference

RLY 1 P1, Saturator Fluic Section6.3.3 RLY 2 P2, Chamber Fluid Section6.3.4
Pump Pump

RLY 3 SOL 9, Presat Section6.2.4 RLY 4 SOL 3, Presat Section6.2.4
Select Bypass

RLY 5 SOL 6, Saturator Section6.4.3 RLY 6 SOL 7, Chamber  Section6.4.3
Cooling Solenoid Cooling Solenoid

RLY 7 SOL 8, Evaporator Section6.4.7 RLY 8 SOL 1, Ain Section6.2.2
Bypass Solenoid Solenoid

RLY 9 SOL 4, Bat Section6.2.6 6.2.7 RLY 10 SOL 5, Fhamber Section6.2.6 6.2.7
Select Select

RLY 11 P2, Presat Fill Section6.3.4 RLY 12  H4, Expansion Section6.5.4
Pump Valve Heat

RLY 13 SOL 2, Vent Valve Section6.2.8 RLY 14 L1, Chamber Light Section6.1.6

RLY 15 SOL 10, Dryer RLY 16  H7, Upper Access Section6.5.5
Enable/Disable Port Heater
(Optional)

RLY 17 H8, Middle Access Section6.5.5 RLY 18 H9, Lower Access Section6.5.5
Port Heater Port Heater
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6.6.2 ACCONTROL

¢ KS 9/ . Q& dedtion/(AeAYxare lifital outputs at B-volt logic level. They are primarily used as the

control signals for high power AC relays. LEDs adjacent to each output indicate the status. When an LED is on, it
indicates the digital output & I O { A (& fin id bgily pulléd @ logic low. The (+) pin of each digital output is
hard wired to +5 VDC.

Digital Description Reference
Output

A0 Comp 1, Compressor Section6.4.1
Al H1, Presat Heater Section6.1.4.2
A2 H2, Sat Heater Section6.1.4.3
A3 H3, Chamber Heater Section6.1.4.4
A4 FAN 2, Chamber Fan Section6.5.2
A5 H5, Window Pane Heater Section6.1.5.1
A6 H6, Window Frame Heatel Section6.1.5.2
A7 SSR7, AC On Relay Section6.1.4.7

6.6.3 A/DINPUTS

¢CKS 9/ .0Qa ! k5 LADY)hasfan 8ciSatndkkbi, B-volth dndlogy to digital converter system. Each
connector also hagimper selectable 5, 12, or 24 VpG&wer available to directly power the connected devices or
sensors.

Analog Input Description Reference
ADO Prr RefrigerationHighside Pressure Sensc Section6.4.6
AD1 Pri, Refrigeration Lovgide Pressure Senso Section6.4.6
AD2 L.y, Tube Liquid Presence Section6.3.3
AD3 Temp Board power Section6.1.3
AD4AD7 N/A
CG=40 Manual 9/8/2026

Page79of 165



Subsystems

6.6.4 LEVEUNPUTS

¢CKS 9/.Qa [9%29] Lbt!¢{ FINB p @2f ( gékratdrdddshot Usg/thddell & dza SR
digital inputs directly. On thgenerator, an analog liquid level probe is used. For this configuration, the analog

probe is connected to the ANALOG LEVEL INPUTS section of the ECB. The output from this analog section is a

digital signal which is then tied to the digital LEVEL INPUTS sectijurniaer.

Digital Input  Description Reference
LVL3 Liquid level of the coolant reservoir Section6.3.4
LVL4 Presat level from ANALOG LEVEL INBUVS 4 Section6.3.2

6.6.5 ANALOGLEVEUNPUTS

¢KS 9/.Qa !'b![hD [9+£9] Lbt!¢{ FINB O2yFAIdzNBER F2NJ Ol LI O.
converts the analog signal to a digital output. A jumper associated with each channel then allows the digital output
from an analog circuit to be=fl into the associated digital LEVEL INPUTS channel

Analog Input Description Reference
LVL 3 LLR, Coolant reservoir liquid level probe  Section6.3.4
LVL 4 LLP, Presat level probe Section6.3.2

NOTEThe ECB component labels for the Analog and Digital Level Inputs are similaglgl. label

6.6.6 UARTS

The ECB contains 8 fully independent Universal Asynchronous Receiver Transmitter (UART) serial ports which are
configurable for either R332 or R85 communication. The following table lists the configuration and connected
devices for each of these sdrjgorts.

Serial Port  Connected devices Protocol Addr Reference

UARTO Flowmeter & inlet pressure gauge RS232, 9600, 81, N A Section6.2.1

UART1 Prl, Pressure sensor R&485,9600, 8,1, N 0 Section6.2.6
Prh, Pressure sensor R$485, 9600, 81, N 1 Section 6.2.6

UART2 V1, Flow Control Valve RS485, 9600, 81, N 0 Section6.2.3
V2, Expansion Valve R$485, 9600, 81, N 1 Section 6.2.4

UART3 N/A -

UART4 External R&32 RS232, 9600, 81, N - Section3.3.1

UARTS Internal PC RS232 960Q 8, 1, N - Section3.3.1

UART6 N/A RS232 960Q 8, 1, N -

UART7 Temperature Board RS232, 9600, 81, N - Section6.1.3
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6.7 TEMPERATURBEASUREMENTS

ThePrecisionTemperatureMeasurement board is eulti-channel,24-bit, A/D converter system used to measure
all temperatures in the humidity generator. It connects to the BEBgeither ofits R&32 port. While two of the
A/D converter channels are configured for reference resistor measurements, the remaining channels are
configured for connection of 1@®platinum resistance thermometers (PRTs). The following table lists the probe
channels and functions of the humidity generator.

Channel Probe name Function Reference
CH1 Tp Presat Temp Section6.5.1
CH2 Ts Sat Temp Section6.4.3 6.5.2
CH3 Tc Chamber Temp Section6.4.4 6.5.3
CH4 Ta Chamber Fluid Temp Section6.4.4 6.5.3
CH5 Tex Expansion Valve Temp Section6.5.4
CH®6 Tr Refrigerant Lowside Temp Section6.4.7
CH7-9 N/A N/A
CH 10 Teu Upper Access Port Temp Section6.5.5
CH 11 Tec Center Access Port Temp Section6.5.5
CH 12 TeL Lower Access Port Temp Section6.5.5
CH B Reef1 Reference Resistor Section6.7
CH 14 Reef2 Optional Reference Section6.7
CH 15 Ref3 Referenceresistor Section6.7
CHB Reefa OptionalReference Section6.7
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All probes are wired to the temperature board asvite, 100m PRTS.
All probe connections are made via straight single,réywin Molex
plugs The reference resistor pack houses two individual reference
resistors Reo and Ruag) and connects via a dual row head@&he
reference resistors are knowstableresistances, whose values are
programmed into theeference resistor pack. Theresistorsare
measured and their known values are queried and used in
determination of all PRT resistanc&ince the reference resistor \ N I =
pack s constructed with memory chips, the temperature EEEE
measurement board accepts any reference values mounted to any L, gt
channels 1316. The system requires a minimum of 2 reference
resistors but can utilize up to 4 referencesistors if presentThe
Precision Resistance Measurement board communicates V&8RS
to the ECB UART 7.

Fiaure 6.3

7 TROUBLESHOQMAINTENANCE

7.1 PREVENTATIVMEAINTENANCE

This section details the required preventative maintenance for the humidity generator.

7.1.1 DAILY

The humidity generator requires daily maintenance actions, which are listed in the following sections.

7.1.1.1 MAINTAINDISTILLED WATER LEVEL

Check the distilled water level in the tank below the system. The tank is located i
the lower cabinet. The tank can be filled at any time, during operation or otherwis
The tank level should be checked and filled daily.

Figure7.1

7.1.2 WEEKLY

The humidity generator requires weekly maintenance actions, which are listed in the following sections.
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7.1.2.1 TEST AIR COMPRESSOR AXRAIN

The air compressor tank should be checkediodically for proper operation of the
automatic drain valveThe air compressor tank is located below the system in the
lower cabinet.

¢2 (GSad GKS AN O2YLINBaaz2NRa | dziz2Ylr G
second drain burst.

Important The air compressor power must B and pressure in the tanto

perform the test

Figure7.2

7.1.2.2 CHECKKOOLINGLUIDLEVEL

This check should be performed when the system is at approximately room
temperature (2515 °C)

This system requires an adequate level of cooling fluid in order to maintain the
temperature of the saturator, the chambgaind the window. The cooling fluid level
has an expansion bottle, located at the upper left rear corner of the system. Remo
the top and rearpanekto check the fluid level of the tank. The level should be
between the minimum and maximum marks indicated on the tank.

If it is low, add fluid (with a concentration of approximately-30%glycolin water)to Figure7.3
the tank. Ifthe levelis above the maximungrain out the excess amount to bririgwithin the minimum and
maximum marks(Refer to Figure 93lfor location of the drain porj.

7.1.3 MONTHLY

The humidity generator requires monthly maintenance actions, which are listed in the sections below.

7.1.3.1 CONDENSOR EXHAUST FAN

The refrigeration system requires adequate air flow to work properly. The condenser and fan assembly can get
clogged with dust and dirt. It should be cleaned with either compressed air or a vacuum cleaner. To perform
cleaning, remove the upper rear paneicawith either compressed air or a vacuum, clean the condenser grill and
fan area to remove the debris.

7.1.3.2 LOWER CABINEAN

The lower cabinet fan requires periodic cleaning to maintain performance. To clean the cabinet fan, remove the
exterior vent cover then, using either compressed air or a vacuum, blow out any collected dust and debris. The
vent cover should also be clean&dished prior to reattachment.

7.1.4 QUARTERLY

The humidity generator requires quarterly maintenance actions, which are listed in the sections below.
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Troubleshoot/Maintenance

7.1.4.1 AIR COMPRESSOR TEST

As with all mechanical systems, the air compressor magr wet over time limiting
its performance To test its operation, is important to run it at a known flow rate
and make sure it maintains its pressure requirement. To perform this test, set the
generator for operation at 20 I/min and5% RH at 25°C. Press the run button to
ensure the generator is operating. Once the system is stabilized anflatving
approximately 20 I/min, check the output of tiRSipressure indicator on the front
panel or the pressure gauge on the pressure regulatbshould be approximately
50-60psi.

If it is not at leasB0 psi, the air compressor may require service or replacement.

Figure7.4

7.1.4.2 PRESSURE TRANSDUCER MESNCHECK

The pressure transducer alignment test is to verify that the two pressure transducers have not drifted too far apart
from each other. This test is only to be performed at approximately ambient atmospheric pressure. To perform the
test, ensure the system isot generating, but is powered on. Looking at the front panel indications of low range
pressure and high range pressure, compare the two readings. If they differ by more than 1 psi, the pressure
transducer calibration should be performed. If they are Wwith psi, no further action is required, as the system

will automatically correct for this.

7.1.5 ANNUALLY

The humidity generator requires annual maintenance actions, which are listed in the sections below.

7.1.5.1 TEMPERATURE CALIBRATION

Temperature calibration should be performed annually following the instructions in secaf ghis manual.

7.1.5.2 PRESSURE CALIBRATION

Pressurecalibration should be performed annually following the instructions in sectitfthis manual.

7.1.5.3 PRESSURE REGULATOR ADJUSTMENT/SERVICE

Important You must havea supply pressure in order tperform regulator
adjustment.

To gain access to the pressure regulator, remove the upper rear panel.
pressure regulator and its dial indicator are located behind the chambe

1) With your finger or amall screwdriver, press the buttondnA (i Q a
red, or orange in colo@dnd rotate a quarter turn clockwise to lock it
into position. That activates the air flow to the regulator.

2) Turn the adjusting knobn the pressure regulatazounterclockwise
to lower the indicated pressure to. 0

Figure7.5
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3)
4)

5)

6)

7
8)

Then tare the flow metewusing the top right button on the flow meter
front panel

While thepressure regulatoknob is counterclockwiséf, the threads
appear dryapply a small amount of lubricating grease.

Using the knob on the pressure regulator, now turn it clockwise unt
the regulator dial indicates approximated® - 55 psiif using the
internal air supply or at least 5 psi below your incoming external air
pressure

Adjust the Chamber Fan Box-bleed to indicate 0.5 I/min (£0.1) on
flowmeter displayFinger tighten the lock ring.

Tare the flow meter again as done in step 3.

Unlock the buttomd A G Q& o0 f dzS> NBby ivtatkddd 2 N
guarter turn counterclockwise. The indicated pressure on the
regulator gauge will slowly drop towards 0, this is normal.

Troubleshoot/Maintenance

-

Figure7.7

7.1.5.4 PRESATURATOR TEMP PROBEP&ANSION VALVE TEMP PROBE VERIFICATION

Take the following steps to ensure that both the presaturator temp probe and the expansion valve temp probe are
functioning within their normal limits.

1) Run the unit at 70°C and 30% RH f& Hours

RHS Control 1.8.11
1 _ Cnw Smens Tpin gt o mo & (@] e O
Change the Chamber Temp set pdmﬂo % & (5240 G241146: [Tp] Presat Temperature (°C
and press Enter. @  CG5240 G241146: [Tev] Exp Valve Temperatur:
2 @ CG5240 G241146: [TpSet] Presat Temp Setpoin
. @  CG5240 G241146: [TevSet] Exp Valve Temp Se
~ | [RH] Relative Humidity
<5
7 0 0 0 1 CANCEL| CLEAR a
|
7 8 9 exp
~ | [Tc] Chamber Temperature
999 ' °
|
‘] How Rate 10.00 1 2 3
= ENTER
14.039 0
c] Chamber Pressure
nidity Control Mode RH
1 Status Generating = -3
- 7 O |
Figure7.8
CG&40 Manual 9/8/2026

PageB5of 165




Troubleshoot/Maintenance

= RHS Contrel 1.8.11

2
X ¥ 7 CG5240 G241146 | ~ =
Change the RH to a set point of 30% and pre e [] - B 4 b El

%
Enter. 2 9 9 9 3 CANCEL | CLEAR L x |
| |

~ | [RH] Relative Humidity 7 8 9 exp

70.002 ¢+ : ¢

v | [Tc] Chamber Temperature 1 2 3

I/min ENTER
| |
F] Flow Rate 10.00 - =
14.039"
Figure7.9
2) Graph the Expansion Valve Temp Probe and Presaturator Temp Probe
—l 1 PN rr. a1 L al
3 'S Select Graph Data - RHS Control 1.8.11 ? x
Jevices Left ¥ Axis Right Y Asxis
Open the Graph and select tfi€ev] Exp Valve - -
ces e [FPSet] Frost Point Setpoint
Temperature [Tev Set] Exp Valve Temp [Tell Chamber Liquid Temperature rost Point Setpoin
Setpoint, [Tp] Presat Temperaturand[Tp [ et Temperature [DPSet] Dew Peint Setpoint
Set] Presat Temp Setpoimn the same side of [Te] Presat Termperature [TeSet] Chamber Temp Setpoint
the graph_ T B T [TclSet] Chamber Liquid Temp Setpoin
- . . . ] Chamber Pressure [TsSet] Sat Temp Setpoint |
** Picture shows opposite side of graph just t (el Chamber?
I 1 i i 5] Sat Pressure [TpSet] Presat Temp Setpoint
identify and illustrate which values to sel&tt [Petsat? f P
[PI] Low Pressure [TevSet] Exp Valve Temp Setpoint
[Ph] High Pressure [Ps5et] Sat Pressure Setpoint
[Pai] Regulated Air-in Pressure [FlowSet] Flow Rate Setpoint
v v x
< 2> £ >
T L |
Figure7.10
4 = m & w (o2 m aditote mz Jm - oo x
Aftel’ the CG$4O haS reached the Set POint [ces240 G241 [1p)] Presat g (°C) [#Pts: 3073] [dx: 1287.688000] [dy: 0.042549] [slope: 0.000033/sec, 0.001983] in][avg: 72.010142)[std dev: 0.0 536

7]
it Te Se 1t (°C) [#Pts: 3096] [dx: 1287.688000][dy: -0.019310] sl : -0.000015, , =0.0. 1800, 2 72.006683] [std < av: 0.039730]
€GS240 G247146: [Tev] Exp Valve Temperature si 0 Setpoukt (T 1ldx JIC Islope: = frin[2vg st )]
[cGS230 G2411%6: [ToSed Presat Temp Setpont
CG5240 G241146: [TevSet] Exp Valve Temp Set

050

listed in steps 1 & 2, after approximately21
hours, review the graph dat&or[Tp]and[Tp
Set]the acceptable variation tolerance is
within 0.5°CA quick look to the side of the
graph will give you the values. You can also
long press and drag to select both lines in
order to get the information bar on the top.
Review the averages and subtract the actual
[Tp] from the[Tp Se} to get the variation.

0.5°

If variance is greater than 0.5° please contac
RH Systems via the Action Steps section bel

Figure7.11
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5

For[Tev]and[Tev Setthe acceptable
variation tolerance isisowithin 0.5°. Repeat
same steps as above for acquiring the values
and variation

If the variance is greater than 0.5°, but less
than 2°, the Iband setting needs review and
possible adjustment(If the variance is greater
than 2°, the following step will probably NOT
fix the variance, and you will need to contact
RH Systems

Click on the mini terminaton.

1 To get the current value, type
tevpid.iband?

I To change the value to 2 ifitis at 1,
type tevpid.iband=2

Troubleshoot/Maintenance

i = - @ I Add Note

[s07  Jma -~ o X

CGS240 G241146: [Tp] Presat oc) [#Pts: 6167][dx: 2563.963000][0) 0057144][s\upe Doonazzrse: 0.0012 7/mn][a»g 70.696134][std dev: L 044916]
0. 11374/min] [avg: 72.002218][std ¢ .v: 0. 041813]

[CGs240 G2411%6: [Tev] Exp va\veremueram rel Va‘ DleTe 59"’ ‘(f) b oloaide

CGS240 G241146: [TpSet] Presat Temp Setpoin{

[cGs240 G241146: [Tevset] Exp Valve Temp Set|

050%

0.5°

CG5240 G241146
COM1

29.993

ilative Humidity

P Figure7.13
1 To change the value ®if it is at2,
. £ CG5240 G24)146 [COM1] - RHS Control 1.8.11 — O ®
typetevpid.iband=
1 To save the new value, type
tevpid.save=RHS tIE“pid-ibﬂ“d-’
tevpid.iband=2
Let the machine run for 30 minutes and revie
the values and variation. If the variance is sti | tevpid.save=RHs
greater than 0.5°C, please contact RH Syste
via the Action Steps section below.
|tevpid.save=RH5 ‘ ,*, X
Figure7.14
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Troubleshoot/Maintenance

3) Action steps if needed:

If the variance of the presaturator and set point is greater than 0.5°, please contact RH Systems for
additional instructions.

If the variance of the expansion valve temp probe (TEV)and set pgredaterthan 2°before
adjusting the Iband and/or greater than 0.5° after adjusting the Ihgubelase contact RH Systems for
additional instructions.

RH Systems can be contacted via emasiugport@rhs.conor by phone at 48®26-1955.

7.1.6 AS NEEEDED

7.1.6.1 FLOW VALVEND EXPANSION VAISERVICE

The flow control valvand expansion valveequire periodic inspection and maintenance to make sure it is working
properly.The following instructions are for disassembly of these items.

1. Remove the three (3) m3x40mm and three (3) m4 x10mm screws from the valve being disassembled.

Figure 7.5 Figure 716
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Troubleshoot/Maintenance

2. Remove the valve from the Saturator box. Take note not to lose the wave spring around the Teflon seal
(seen in figure 23).

Figure 717 Figure 718

3. Remove retaining clip.

Figure 719

4. Remove the four (4) m4x22mm screws from the motor mount. Also remove the m2x2.5mm screw and
optical sensor from the motor mount.

th
(Not visible is the 4 screw)

Figure 720
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Troubleshoot/Maintenance

5. Carefully separate the valve body from the motor and valve plug assembly.

Figure 721

6. Once separated (as seen in Figure 7.8) inspect thad3 for damage. Replace as necessary. The plug O
rings are Vitorl15. Grease lightly with a silicofiased Gring lubricant. Tighten the set screws that
secure the motor shaft to the plug.

Figure 722
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