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Drawing liquid from a standard pressure bulk tank, the Trifecta X-Series system boosts pressure
by alternately feeding two specially designed liquid cylinders with Chart’s innovative/exclusive
control logic.

The Trifecta X-Series solution has the industry’s standard zero-to-no down time and minimizes

losses compared with other high pressure/high flow solutions. This convenient plug-and-play
package eliminates high pressure pumps, compressors, cylinder cradles and surge tanks.

1.1 System Specifications

1.1.1 Dimensions — 350 & 500 psi

Height: 96 in. (2440 mm)
Length: 53in. (1347 mm)
Width: 55in. (1397 mm)
Weight X5 1,700 Ibs. (770 kg)

Weight X10 1,750 Ibs. (795 kg)
Weight X15 1,800 Ibs. (815 kg)

1.1.2 Dimensions — 600 psi

Height: 96 in. (2440 mm)
Length: 53in. (1347 mm)
Width: 55in. (1397 mm)
Weight X5 1,800 Ibs. (892 kg)

Weight X10 1,870 Ibs. (795 kg)
Weight X15 1,920 Ibs. (815 kg)

1.1.3 Typical Layout

There are three main components to the “Trifecta” system:

e Low Pressure Bulk Tank
e Vaporizer
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Figure 1 - Typical Layout

1.1.4 Flow Capability

The Trifecta X-Series system is desighed to suppl
pressure to a vaporizer, while the reserve tank it
priority is to maintain supply pressure at or abo\
design has self-contained diagnostics that alerts
flow rating.

The X-series can supply liquid nitrogen and liquit
Pressures from 500 to 600 psi.

It can supply liquid oxygen in Maximum Average
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* MAWP = Maximum Average Working Pressure
MAQOP = Maximum Average Operating Pressure

The system uses ambient vaporizers to maintain pressure and convert the cryogen into gas;
therefore, the performance is dependent on the weather conditions. The best ambient
conditions are warm, dry air. The worst is damp air just above the freezing point.

The X series was developed and tested by Chart’s New Product Development group in the harsh
New Prague, Minnesota winter conditions for optimal performance in the field.

For example: The Trifecta X5 is rated to deliver liquid nitrogen at 425psi @ 5,000 SCFH in
ambient conditions similar to Minnesota. If the end user can tolerate lower delivery pressures,

tha ¥ _cariac ran Adaliviar avian araatar flaw ratac lcaa fimirae 2_.E1  If tha ratad flawe ara nat

. ___soow]
Pressure too low (heavy dross) Proper pressure and flow

The flow performance depends on the ability of the total system to:

= Build pressure in the transfer tanks using gravity and ambient coils.

® Proper air flow and sunlight reaching the pressure building coils.
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® |ess than optimum sun light and air flows across the coils will reduce the
performance.

= Fill times - Refilling the reserve tank from the Bulk tank prior to the

primary tank empting.

® The overall flow rate of the system can be limited by the systems ability to refill.
Flow out cannot exceed flow in!

® Special care must be given in selection of the bulk tank that supplies the Trifecta.

® The tanks heat leak performance is critical in transferring cryogen in the liquid
state to the Trifecta.

® |iquid use lines and valves out of the Bulk tank must be sized properly. Small
restrictive liquid lines and valves will increase fill times and increase losses.

® The pressure building system of the bulk tank needs to be sized to build tank
sub-cool. This sub-cool condition (pressure above the liquid saturation pressure)
helps keep flow rates up and the cryogen in the liquid state as it travels to the
Trifecta.

® |iquid feed lines from the bulk tank to the Trifecta must be kept as short as
possible! There is no limit to the length of pipe that can be used to feed the
Trifecta. Any length longer than as short as possible can lead to longer fill times
and additional losses. Take great care in laying out your Trifecta system.
Insulating the liquid feed line will reduce its effective length resulting in
increased fill times and reduced losses.

Use the following charts and graphs to estimate the performance of your X series Trifecta.
Actual performance may vary depending on the installation and equipment used.

1. Identify the color associated with the location of the installation using the
following map.

2. Use the rating graph that matches model, by moving from your desired
pressure set point to the right until you reach your regional color.
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of the equipment and not intended to supersede any site-specitic standards.

As with any cryogenic system, it should be observed that any non-insulated piping can get
extremely cold and should not be touched by exposed skin. If the system requires maintenance,
it should be shut down and allowed to warm-up.

If maintenance is to be done on the system, such as changing valve seats, it is extremely
important that the pressure be relieved from the system through the vent valves. The five
transmitters can monitor the system pressures and liquid levels.

When doing maintenance on the system, it is recommended that the manual isolation valve to
the bulk tank be closed.

2.2 Safety Summary

Strict compliance with proper safety and handl
cryogenic system. We recommend that all our ¢
handling practices to all their employees and cu

While every possible safety feature has been de:
anticipated, it is essential that the user of the cr
understand all WARNINGS and CAUTION notes |
below.

Also read the information provided in the Safety
this Safety Summary. Periodic review of the Safe

imosphere, flammable items burn

)KING OR OPEN FLAME IN ANY AREA
DLED, OR USED. Failure to comply
rrious personal injury.

20f74



liquid gases with skin or eyes may
1 burn.

otect your eyes and cover skin where the
equipment, or cold gas exists. Safety goggles or
splashing may occur or cold gas may issue

'es that can be easily removed and long sleeves
trousers should be worn over the shoes to shed

splashed with liquid oxygen it will
sily ignited while concentrated



A portion of the following information is extracted from Safety Bulletin SB-2 from the
Compressed Gas Association, Inc. (CGA). Additional information on nitrogen and argon
and liquid cylinders is available in CGA Pamphlet P-9. Write to the Compressed Gas
Association, Inc., 1235 Jefferson Davis Highway, Arlington, VA 22202.

From The CGA Safety Bulletin

Cryogenic containers, stationary or portable are from time-to-time subjected to assorted
environmental conditions of an unforeseen nature. This safety bulletin is intended to call
attention to the fact that whenever a cryogenic container is involved in any incident whereby
the container or its safety devices are damaged, good safety practices must be followed. The
same holds true whenever the integrity or function of a container is suspected of abnormal
operation.

Good safety practices dictate that the contents of a damaged or suspect container be carefully
emptied as soon as possible. Under no circumstances should a damaged container be left with
product in it for an extended period of time. Further, a damaged or suspect container should
not be refilled unless the unit has been repaired and re-certified.

Incidents, which require that such practices, be followed, include highway accidents, immersion
in water, exposure to extreme heat or fire, and exposure to most adverse weather conditions
(earthquakes, tornadoes, etc.).
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Prior to reusing a damaged container, the unit must be tested, evaluated, and repaired as
necessary. It is highly recommended that any damaged container be returned to Chart for
repair and re-certification.

The remainder of this safety bulletin addresses those adverse environments that may be
encountered when a cryogenic container has been severely damaged. These are oxygen
deficient atmospheres, oxygen-enriched atmospheres, and exposure to inert gases.

2.2.1 Oxygen Deficient Atmospheres

The normal oxygen content of air is approximately 21%. Depletion of oxygen content in air,
either by combustion or by displacement with inert gas, is a potential hazard and users should
exercise suitable precautions.

One aspect of this possible hazard is the response of humans when exposed to an atmosphere
containing only 8 to 12% oxygen. In this environment, unconsciousness can be immediate with
virtually no warning.

When the oxygen content of air is reduced to about 15 or 16%, the flame of ordinary
combustible materials, including those commonly used as fuel for heat or light, may be
extinguished. Somewhat below this concentration, an individual breathing the air is mentally
incapable of diagnosing the situation.

The onset of symptoms such as sleepiness, fatigue, lassitude, loss of coordination, errors in
judgment and confusion can be masked by a state of euphoria, leaving the victim with a false
sense of security and well-being.

Human exposure to atmosphere containing 12% or less oxygen leads to rapid unconsciousness.
Unconsciousness can occur so rapidly that the user is rendered essentially helpless. This can
occur if the condition is reached by immediate change of environment, or through the gradual
depletion of oxygen.

Most individuals working in or around oxygen deficient atmospheres rely on the "buddy

system" for protection — obviously, the "buddy" is equally susceptible to asphyxiation if he or
she enters the area to assist an unconscious partner unless equipped with a portable air supply.
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WOTKET In dn emergency.

e Both the worker and "buddy" should be
breathing equipment.

2.2.2 Oxygen Enriched Atmospheres

An oxygen-enriched atmosphere occurs whenev
to rise above 23%. While oxygen is non-flammat
more readily in an oxygen-rich atmosphere than
rate although no more total heat is released.

It is important to locate an oxygen systeminaw
atmospheres may collect temporarily in confine:
device or leakage from the system.

Oxygen system components, including but not limited to, containers, valves, valve seats,
lubricants, fittings, gaskets and interconnecting equipment including hoses, shall have adequate
compatibility with oxygen under the conditions of temperature and pressure to which the
components may be exposed in the containment and use of oxygen.

Easily ignitable materials shall be avoided unless they are parts of equipment or systems that
are approved, listed, or proved suitable by tests or by past experience.

Compatibility involves both combustibility and ease of ignition. Materials that burn in air may
burn violently in pure oxygen at normal pressure — and explosively in pressurized oxygen.

In addition, many materials that do not burn in air may do so in pure oxygen, particularly when
under pressure. Metals for containers and piping must be carefully selected, depending on
service conditions. The various steels are acceptable for many applications, but some service
conditions may call for other materials (usually copper or its alloys) because of their greater
resistance to ignition and lower rate of combustion.

Similarly, materials that can be ignited in air have lower ignition energies in oxygen. Many such
materials may be ignited by friction at a valve seat or stem packing, or by adiabatic compression
produced when oxygen at high pressure is rapidly introduced into a system initially at low
pressure.
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dizziness, nausea, vomiting, or unconsciousness and possibly death.

Individuals should be prohibited from entering areas where the oxygen content is below 19%
unless equipped with a self-contained breathing apparatus.

Unconsciousness and death may occur with virtually no warning if the oxygen concentration is
below approximately 8%. Contact with cold nitrogen or argon gas or liquid can cause cryogenic
(extreme low temperature) burns and freeze body tissue.

Persons suffering from lack of oxygen should be immediately moved to areas with normal
atmospheres.

SELF-CONTAINED BREATHING APPARATUS MAY BE REQUIRED TO PREVENT ASPHYXIATION OF
RESCUE WORKERS.

Assisted respiration and supplemental oxygen st
cryogenic liquid or cold boil-off gas contacts aw
be promptly flooded or soaked with tepid water

DO NOT USE HOT WATER. Cryogenic burns, whi
should be examined promptly by a physician.

Chart customer stations are designed with the f

e A vacuum maintenance system specifical
safety provisions.

e Safety relief devices to protect the pressi
selected in accordance with ASME standards to include a dual relief valve. While Chart
equipment is designed and built to the most rigid standards, no piece of mechanical
equipment can ever be 100% foolproof.
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The portion of the pad that the Trifecta X-

:k and of the same composition as the pad for
.ed as close to the bulk tank as possible without
requirements of the tank. The system requires
irage tank and the Trifecta X-Series skid. This
-ansfer line length.

ue requirements; however, it
)asic layout located in the
of this manual.

easy access to all sides of the unit. The skid
Im amount of sunlight and airflow. One must
the control box, and any of the solenoid valves
Id also be given to the external vaporizer

:un and wind contact both
sure build coils inside the skid
he unit and prevent unusual
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sulate the liquid feed line to
osses. The Fill Line (from bulk
)e limited to 15 total feet (5

ie bulk tank liquid line should
g connections are complete.
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The relief device on the Trifecta X-Series is a fail-safe device and should
not be relied upon as the only thermal relief. Operation of the Trifecta
X-Series “Gas Use” relief device may vent liquid, creating a noticeable
vapor cloud.

The piping and components from the Trifecta X-Series to the vaporizer must be at least 34”

(19mm) copper or its equivalent and of adequate pressure rating. Small diameter lines will
introduce undesirable pressure drops and impact overall system performance. Referring to
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URE HIGHER THAN THE LOWEST

1t of the bulk tank to perform the filling

rthrough a pressure transmitter. The pressure

ink and sends an electrical signal back to the

acated in the upper piping of the Trifecta X-

iditional piping is required by the customer to
ITLTIVT LT MUIR LAlIR PIT33UIT, LIS Wi aULunlql.'iCEl"\[ read the current Bulk tank pressure unlike
previous models.

For the 600 psig Trifecta series, a gas line from the bulk tank needs to be run to the regulator,
which supplies pneumatic pressure to the actuators on each ball valve. The regulator regulates
the pressure from the bulk tank down to 125 psi. The actuators require a minimum of 80 psig.
The maximum pressure for the gas line is 150 psi.

3.6 Electrical Power Supply

A dedicated 120 VAC, 60Hz, 15 amp circuit (or 230 VAC, 15 amp version, if
ordered) must be provided to power the Trifecta X-Series control system. A
voltage converter may be necessary. Back feed of voltage WILL interfere with
component performance.

The Mitsubishi PLC is mounted within a NEMA 4 control box as shown in the following
photograph:
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system. It is important that care is taken to install the Trifecta X-Series system on an electrical
power circuit that is clean and protected. Circuits that are susceptible to noise and brownouts
may cause erratic system behavior. Care should also be taken to avoid installation on a circuit
that regularly gets turned on and off to provide power to another piece of equipment (lights,
heaters, cooling systems etc.). It should be recognized that a PLC (computer) controls the
Trifecta X-Series system and a clean, steady circuit must be used to power the Trifecta X-Series
system.

3.7 Commissioning

The following procedures require the operation of the solenoid valves. Refer to Figure 9 and
Table 1 to differentiate the solenoids. (Note: On the 600 psig high pressure trifecta, the
solenoid valves are replaced with pneumatic actuated ball valves.)

ge the entire Trifecta X-Series
en before running the system
se ice crystals to form that

d other critical components to
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feed from the bulk tank until the pressure in the Trifecta X-Series equalizes with the

bulk tank. Let all piping warm back to ambient (no frost) and leak check all
connections.

Slowly open the Trifecta liquid use valve and pressurize the vaporizer and house line
to the bulk tank pressure. Perform a leak check on the vaporizer and house line.
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1 and the parameters set the system will begin
ntire unit come up to full working pressure.
d leak check all components at working

been confirmed (no leaks) and at full working
;e valve and pressurize the vaporizer and house

too fast will result in a “rush” of
iy cause the line safeties to vent.

r and house line.

3.7.2 Check Trifecta X-Series Cylinder Relief Valves

Check each cylinder's main relief valves. During operation, the pressure in Tank 1 and/or two
will rise to approximately 450 psi. (550 psig for the 600 psi Trifecta series). The relief valve
must not open. If it does, the valve should be replaced as it is opening at a pressure that is too
low. Repeat same procedure on Tank 2. Open diverter valve for each cylinder to verify
secondary set of safety devices.
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4.1 Hard Sets (complete parameter list)
The following tables are intended to give detailed information of the internal parameters. The

X5, X10 and X15 models have parameter differences. When referencing the following tables
make sure you are looking at the correct table.
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1 1w e memann wwan 7

£2.U

i

ND

Jpper limit is 450 psi

e tank PBOFF = Primary PBOn - 25psi

e tank PBOn = Primary PBOn - 50psi

y pressure extreme low pressure threshold

Bulk Critical 150 psi

| relief to bulk or atmosphere at 495 psi

2 relief to bulk or atmosphere at 495 psi

ritter Pressure to low (system will not operate)

litter Pressure to high (system will not operate)

sent at temp switch for 3 seconds

switch will disarm for 120 seconds after over pressure relief

ressure drops to the fast drop PB set within 10 seconds

op on pb = PBOn + 10 psi

2 reaching 820 seconds results in the vent opening until full

Ik tank below critical pressure, the vent to atmosphere
/ill open at this set point = Bulkpsi(frozen) + 40 psi

ss set point that turns of the vent to atmosphere
wwvw Bulkpsi(frozen) - 45 psi (low loss)

ss set point that turns of the vent to atmosphere
Bulkpsi(frozen) - 45 psi (low loss)

3l is reduced by 1.5" to account for liquid growth for
r pressures above 130 psi

re threshold that takes subtracts 1.5" from the fill level

al cylinder pressure. Fill levels at fill set point.

re threshold that takes adds 1.5" from the fill level

3l is increased by 1.5" to account for liquid growth
+ for cylinder pressures below 80 psi

y pressure below PB On set for 10 seconds will result
.econdary assisting the primary tank.

y pressures below the PB on threshold for 120 sec will
3 the light/display message, freeze the error codes and start
“pressure timer.

»de A1 is activated

ner - limit to deliver 4" of product. Activates E5 error

o 1ow timer at this liquid level.

18.0"

No

Stop flow timer at this liquid level.

Table 4.1 - X5 Hard Sets/Thresholds
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tank PBON = Primary PBON - 50psi

pressure extreme low pressure threshold

ulk Critical 150 psi

-elief to bulk or atmosphere at 495 psi

-elief to bulk or atmosphere at 495 psi

ter Pressure to low (system will not operate)

ter Pressure to high (system will not operate)

ant at temp switch for 3 seconds

jitch will disarm for 120 seconds after over pressure relief

'ssure drops to the fast drop PB set within 10 seconds

2 on pb =PBOnN + 10 psi

reaching 300 seconds results in the vent opening until full

< tank below critical pressure, the vent to atmosphere
| open at this set point = Bulkpsi(frozen) + 40 psi

set point that turns of the vent to atmosphere
3ulkpsi(frozen) - 45 psi (low loss)

set point that turns of the vent to atmosphere
3ulkpsi(frozen) - 45 psi (low loss)

is reduced by 1.5" to account for liquid growth for
oressures above 130 psi

: threshold that takes subtracts 1.5" from the fill level

cylinder pressure. Fill levels at fill set point.

: threshold that takes adds 1.5" from the fill level

is increased by 1.5" to account for liquid growth
or cylinder pressures below 80 psi

pressure below PB On set for 10 seconds will result
condary assisting the primary tank.

pressures below the PB on threshold for 120 sec will
the light/display message, freeze the error codes and start
ressure timer.

le A1 is activated

er - limit to deliver 4" of product. Activates E5 error

v timer at this liquid level.

/ timer at this liquid level.

ds
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Figure 11 - "Reset Values"

To set these parameters without running the system, switch the MON/OFF/RUN switch found
on the front of the control panel to the “MON” position. “Monitor” will flash on the lower line
of the main display. The valves will not be controlled by the PLC when “Monitor” is in the
display.

NOTE: If power is off for two weeks, the volatile memory will
be lost. In this case, parameters MUST be reset before

operations continue.

ault settings by switching to
assing the left arrow 5 times.

ements prior to switching to
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ng the “Lett” arrow button accesses
‘essure Building set points. The

T’ set point is always 25 psi higher
he “PBONn” set point. At the “PBOn”
Ire the system turns on the primary
PB valve. The “PBOff” set point is the
Ire that the system turns off the

ry PB valve. The secondary tanks PB
" pressures are a function of these

5.

ng and holding the “Left” arrow and
ng the “+” button or the “-” button will
-y the set points.

its

20f74



‘ne pressure Is above 13U psi during the Till,
e fill is terminated at the “Fill” set point —
>”. This allows for the liquid growth due to
increased saturation level.

:he pressure is below 80 psi the fill is
rminated at the “Fill” set point +1.5”.

lIder liguid takes up less volume. Adding to
e fill set point will assure that the PB time

Il be consistent.

essing and holding the “Up” arrow and

essing the “+” button or the “-” button will
, --Jjust the set point.

\

Figure 13 - Setting Fill Set Point
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v Loss” fill mode cycles the vent to
1ere valve to minimize losses. The current
ressure is also displayed on this screen.

and holding the “Down” arrow and pressing
autton or the “-” button will adjust the set

N

n upon initial installation, they
afore they are cold enough to
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¢ Run/fill (mode 0)

e Initial pressure build (mode 1)
¢ Run/Ready (mode 2) and

e Assist (mode 3)

L ¥ B
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Figure 17 - Filling Mode (Vent to Ati

Page 3




T ITANSMIIC

Q LEVEL TRANSMITTER

@ CONTROL VALVE

Figure 18 - Filling Mode (Liquid Flo

Page 3




(=
T

N

.
T

% CONTROL VALVE 5
ksl sTRAINER

Figure 19 - Filling Mode (Low Loss)
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Figure 20 - Filling Mode (Low Loss Vent to Atmosphere)
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Figure 21 - Fill Mode Termination
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Figure 22 - Initial Pressure Build after Filling
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Figure 24 - Secondary Maintains "Hold" Pressure
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Figure 25 - Primary Pressure Build
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Figure 27 - Call for Assist
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Figure 28 - Secondary Assist of Primary
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Figure 29 - Assist Complete Primary Recovered
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Figure 30 - Primary Unable to Recover (Switch Primary Side)
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Figure 31 - Primary "Too Low to be Assisted"” (Switch Primary Side)

Page 51 of 74



30f3 AN

=
LT “F

—2—0

ﬁ%ﬁ—ﬂ M

] T 111 [T
T I T I

L

| e 1 i KA

% CONTROL VALVE E=R ‘

@ STRAINER

Figure 32 - Secondary tank "Too Low to Assist” (Switch Primary Side)
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Figure 34 - Service Required

‘ecta X-Series’ PLC has built into the program
information and error codes.

LC determines that there is a service issue
2Req..” will be displayed (see Figure 33).

1e right arrow on the PLC controller to access
/ice phone number (1-800-400-4683).
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The PLC reviews timers, flows, values and counters 1
determines that they are not within reason an error

Access the error codes by pressing and holding the *
current primary tank (example P1 —side 1 is priman

Also, the current mode is displayed (example M0 —¢

The following is the summary of the error codes:

Code Description
P1 Primary Side 1
P2 Primary Side 2
MO Filling Secondary
M1 Secondary PB after Fill
M2 Secondary Ready
M3 Secondary Assist of Primary

A0 OK!
Al Fill time exceeds flow rating.
ITeWuve ol LWl Wil IIL'UIU .
BO OK! None
The primary tank called for an Check fill levels.
B2 assist before the secondary Check for leaks in the PB circuits.
tanks was ready to assist. Check PB valve operation.
Cco OK! None
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storage. LNecK UP Transmitter accuracy.
EO OK! None
Check for house line leaks.
ES System has exceeded the flow Check for system leaks.
rating. Need additional or next size Trifecta X-
Series.
FO OK! None
F6 One of the systems transmitters | Check electrical connects.
has gone out of range. Replace faulty transmitter.

Figure 36 - Error Codes

The Alert light will flash when the system has seen a low pressure event. A low pressure event is when
both primary and secondary tanks are below the PB On set point for 90 seconds. During the alert
status the system will continue to attempt to recover. In the service menu activated bv oressine the
“OK” button a timer is displayed showing the runnir

24 minutes since the low pressure event that activa

error codes are frozen to assist in trouble shooting (

every fill). Reset the frozen codes by pressing the “(

7.3 Cycle Counter

Pressing the “ESC” button activates the Cycle Count
This counter tracks the number of times the system
switch primary tanks since being reset. When the c
reaches 20,000 cycles, the Alert light will flash and

“ServiceReq..” will be displayed. The counter is use:
proactively service the systems valves. To reset the
counter: press “ESC”, “+” and “-” buttons simultane

If the system is shut off, upon turning the power bat
controller will go through the initialization routine a
controlling. The current program is not affected wh
controller is turned off.
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int

al set point

cal set point

vitch

ounter (shipment)
2 on( manual only)
:ntAtm valve on( manual only)
:ntAtm valve on(manual only)
2 on(manual only)
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e Turning the red wheel in (clockwise) over-rides the solenoid locking the valve open.

e Turning the red wheel out (counter-clockwise) allows the solenoid to open and close the valve
electrically.
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Figure 8 - Fuse Detail

Fuse Type

Fuse # | Voltage T

FU101 110AC MDA-10 (10) N
FU203 110AC MDL-2 (2) F
FU205 110AC MDL-2 (2) F
FU208 110AC MDL-2 (2) Y
FU212 110AC MDL—4 (4) Y
FU225 110AC MDL-2 (2) E
FU108 24VDC AGC —-2/10 (2) T
FU202 24VDC MDL -1 (1) F

Figure 39 — Fuse Detail

Use Figure 38 and 39 to identify faulty fuses.

e Power down the panel before changing fuse:
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Over time, components of the Trifecta X-Series (as in any mechanical system) can degrade and/or fail if
not properly maintained. For this reason, a regular maintenance procedure is recommended to
prevent any unexpected downtime.

The most common field failures are due to:

e Clogged fill line strainer or strainer having been completely removed by service technician
permitting entry of debris to system

e Malfunctioning Solenoids and Check Valves (leaks) caused by
o Buildup of impurities of liquid fed to the system from the bulk tank
o Introduction of moisture to the bulk system without proper purge process
o Normal wear and tear of solenoids’ pistons and seats due to cycling
o Debris entering Trifecta X-Series from Bulk station due to removed strainer
e |Leaking Fittings
o All connections are leak checked from the factory and should be re-checked periodically
o All replaced fittings in the field must be checked to ensure proper operation
e Malfunctioning Cylinder Relief’s
o Relief Valve opening at lower pressure than set point

o Burst Disc rupture (fatigue failure)
With a regular maintenance procedure, these possible failures and corresponding down times can be

prevented. To ensure uninterrupted operation, it is recommended that the following maintenance
procedures be followed.

Every six months:

e Replace strainer on liquid feed line

e NOTE: DO NOT OPERATE SYSTEM WITHOUT A FILL LINE STRAINER IN PLACE
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build cryogenic ball valves

31and?2

rvicing the valves.
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Common R
for X-Serie

Item
Description

Pressure Transducer

525 PSI| Economizer Regulator

Vent Solenoid Valve

Gasket for 10925509

Piston Assembly for 10925509

Inlet Strainer

Replacement Element for 13660471

Fuse MDL-1 (1 Amp)

Fuse MDL-2 (2 Amp)

Fuse MDL-4 (4 Amp)

Fuse MDA-10 (10 Amp)

Fuse AGC-2/10 (2 Amp)

Replacement LED Light Bulb

Thermocouple Type T Probe

Temperature Controller

Mitsubishi PLC (Non-Programmed)

Cylinder Relief Valve

Cylinder Rupture Disc

Differential Transmitter (Liquid Level) Rosen

Pressure Transmitter (Tank Pressure) Rosel

Generant Brass Check Valve (1 PSI crack)

Generant Brass Check Valve (5 PSI crack)

Differential Transmitter (Liquid Level) Honey

Pressure Transmitter (Tank Pressure) Hone'

Pressure Gauge 0-600 psi

MON/OFF/RUN switch —X10 only

[ o N I ]

FAVLS ale L, Jule)
Relief Valve (for piping) 575 psi 13849812
Temperature Controller Red Lion 12942901
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PB Repair Kit

X15 Only
Units w/ 'z Inch PB Actuated B:

PB Ball Valve

Seal Kit for 11804223

Air Actuator for 11804223

125 PSI Actuator Relief Valve

90 PSI Actuator Regulator

PB Inlet Check Valve (Bottom of Tank)

Solenoid Valve 1/4AMPT

PB Repair Kit
Units w/ 1 Inch PB Solenoid

1 Inch Solenoid Valve

Piston for 1 Inch Solenoid Valve

Gasket for 1 Inch Solenoid Valve

Manual Overdrive Valve for 1 Inch Solenoid

Kit: Replace %2 Inch Actuated Valve w/ 1-Inct

Valve
PB Repair Kit
X15 - 600 psi - LIN

Regulator 1/2NPT 125PSI 11779806
Valve Ball 1/2FPT w/ Pneumatic Actuator 11804223
Solenoid Valve 1/4AMPT 14296295
Relief Valve 1/2MPT ASME 600PSI 20547372
Inline Rupture Disc 1/2MPT ASME 800PSI 20547371
Regulator 1/4NPT 625PSI 20553102
Pressure Gauge, 2-inch Dial 1/4MPT 0-800PSI/BAR 14954366
Relief Valve 1/4MPT150 psi 11915581
Pneumatic Actuated Ball Valve Rebuild Kit 12932702
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CHART P/N 11051090
GENERANT P/N CV-503B-T-5

Whenever solenoid piston assemblies are serviced, or valve is taken apart for cleaning, the bolts must
be accurately torqued to 10 to 12 foot-pounds torque, in a normal cross pattern upon re-assembly. If
they are over torqued, the body will become distorted, and “pinch” the piston, causing the valve to
stick open or closed. It is also recommended that every time the valve is disassembled, that the gasket

Page 66 of 74



9 Troubleshooting

If the regular maintenance procedure above is folloy
problems do occur, the following is a step-by-step ti
normal Trifecta X-Series operation, please read Sect

While Troubleshooting the Trifecta X-Series, there a
for inconsistency to aid in diagnosis.

1. Confirm all valves on the Bulk Tank and T
position

2. Confirm solenoids (and/or pneumatic aci
“firing” them per the instructions in Sect

3. Check for frost formation on lines which should not have recently been active
4, Leak check all plumbing components

5. Check for discrepancies between analog gauges and controller parameters
The above steps, described in greater detail below, will lead you to the root of the malfunction.

9.1 Confirm Valve Positions
e Confirm that all the following manual override on all valves are in the correct position.

Bulk Tank Auxiliary Liquid Valve Open
Bulk Tank Pressure Building Valve Open

e All 5 Solenoid (5k, 10K, 15k) Valves on Trifecta X-Series

¢ Manual override hand wheel in the “Out” Position
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Frost forms on all lines that have cold vapor or liquid flowing through them. The frost will begin to
thaw when product is no longer flowing through the lines.

The frost will be evident for any significant amount of flow through the lines. Simply by looking at the
frost formation, a check valve and/or solenoid, which are leaking or inoperable, can often be detected.

Likewise, lack of frost on a line will indicate that product is not flowing through the line and that a
solenoid is stuck shut or for some reason not firing properly.

9.4 Leak Check

Leak check all plumbing components, with special attention to plumbing stack on tank and all
connections to pressure transmitters.

e Aleak at any point in the Trifecta X-Series system will result in loss of product.

e Aleak in the plumbing within the plumbing stack or pressure transducers and transmitters can
cause incorrect values to be translated by the PLC. These transducers provide the input to the
Trifecta X-Series controller, which tell it when to open and close solenoids. Incorrect values will
cause the Trifecta to operate in a random fashion and could cause supply issues downstream.

e Refer to Leak Section 8.3 to remedy.

9.5 Data from Main Screen and Analog Pressure Gauges

Record Trifecta X-Series and bulk tank parameters as described in the View Parameters Section 5.5.
Compare these values to those on the analog gauges of the tanks and the bulk tank.
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Manual Part Number 13153225

PSIG.
PSIG.
PSIG.
FIESSUIS (HTUIT FLU UISPIdY) PSIG.
Liquid Level (from PLC Display) "H20
Tank 2
Pressure (Analog Gauge) PSIG.
Pressure (from PLC Display) PSIG.
Liquid Level (from PLC Display) "H20
PLC Information
Press left arrow/record P.B. Set Point PSIG
Press up arrow/record Fill Set Point “H20
Press down arrow/record bulk critical PSIG
Press “ESC”/record cycle count #eycles

Press “OK”/record Error Codes and elapsed time since event:

C__D__E__F__

When hr minute

Note that the transmitter and gauge readings may not match exactly.
A discrepancy can be caused by either the analog gauge or by the transmitter.
In most cases, the result is an inaccurate analog gauge.

e Replace this first.

If the cause is the transmitter, continue to the Pressure Transmitter Section 8.4.
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e

to stick. Critical lines can freeze causing incorrect level and pressure
readings.

10.1 Check Valve Leaking

If you find that there is a leaking check valve, the Trifecta X-Series will have to be emptied and
depressurized. The check valve should then be replaced. Replacement parts can be located through
Replacement Parts Section 9 and via www.chartparts.com

10.2 Solenoids

If the solenoid appears to be malfunctioning, it could be for a few reasons:

e PLCis not sending signal to energize the solenoid
e contaminants on solenoid seat
e moisture in solenoid

e solenoid failure
Below, the most commons symptoms of these failures and their remedies are described.

10.2.1 Non-Energizing Solenoid

The PLC sends a signal to the solenoid to energize the coil during a particular operation of the Trifecta
X-Series. When this signal is sent from the PLC, an LED on the front panel lights up. If the LED lights
up, but the solenoid is not energized and does not open, check for loose wiring and voltage at the valve
with a multi-meter. If there is power at the valve and the valve does not open, the coil will need to be
replaced.

Contact www.chartparts.com for replacement parts.
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= numbers Tor all plumbing components.

10.4 Pressure and Liquid Level Transmitters

1. First, leak check all fittings associated with the transmitter to verify the circuit has zero leaks.
The sensor error check function is designed to find problems such as a wire coming
disconnected, or a short in the transmitter. “F6” will display in the error code section of the
PLC if a pressure or liquid level transmitter is out of range. See Section 5.3 Error Codes.

2. Confirm that all wiring connection terminals are tight.

3. If all connections are made and the error condition does not go away, check the transmitter
output as shown in the Section 5.5.

4. Recalibrate or replace the transmitter as necessary.

5. Also verify display versus the analog gauges for pressure readout.

10.5 Ball Valve Repair (Trifecta X-Series — X15 only)

The Trifecta X-SeriesX-15 uses cryogenically rated ball valves in the pressure building circuit. Chart
recommends that these ball valves be serviced via the replacement of the seal kits at least every two

years (approximately 150,000 cycles).
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writing signed by both parties. Any additional, inconsistent or different terms and conditions contained in Buyer's purchase order or
other documents supplied by Buyer are hereby expressly rejected. Unless the context otherwise requires, the term "Equipment" as used
herein includes all goods, equipment, parts, and accessories sold to Buyer by Chart. Unless the context otherwise indicates, the term
"Services" as used herein shall mean labor, supervision and project engineering services provided by Chart. As used herein, the term
"Buyer" shall include the initial end user of the Equipment and/or Services.

2. Payment Terms. Unless a different payment schedule is agreed to in writing, payments for domestic sales are due net thirty (30) days.
Late payments are subject to a 1.5% late charge per month. Payments for export sales to be made in accordance with the specified
payment schedule by way of a confirmed, irrevocable letter of credit established in favor of Chart on a USA bank to be designated by
Chart. Costs associated with the letter of credit will be to Buyer's account. Performance schedules are based on receipt of letter of credit
within thirty (30) days of award.

3. Taxes. Federal, state, local, or value added sales and/or use taxes measured on the price of Equipment are not included in the price.

4. Time Limit. All quotations are valid for a period of thirty calendar days.

5. Acceptance. Acceptance of Equipment occurs at point of manufacture.

6. Warranty. General. Chart warrants that all Equipment manufactured by Chart shall be free from defects in material, workmanship and
title; provided, however, that this warranty shall be limited to Equipment found to be defective within a period of one (1) year from initial
use or eighteen (18) months from date of shipment, whichever expires first, except that parts sold as a spare or for replacement are
warranted for one (1) year from the date of shipment or until the expiration of the recommended service period, whichever expires first.
In the event the Equipment constitutes heat exchanger(s), then Chart also warrants the same to be new and in accordance with Chart's
applicable brazed aluminum heat exchanger specifications and drawings, which may have been submitted to and approved by Buyer.
Resale products only carry the warranty offered by their original manufacturer. This warranty does not cover Buyer furnished designs,
goods, equipment, and/or materials. In no event shall Chart incur any obligation to repair or replace Equipment which Chart determines
to be defective due to customer misuse, abuse, neglect, operated outside the specified design and/or feed conditions, corrosion or
erosion, or not used in accordance with normal operating and maintenance instructions. Chart shall not incur any warranty obligation
hereunder with respect to Equipment which is modified in any way by Buyer without Chart’s prior written approval. Installation by Buyer
at regular intervals of normal maintenance parts does not constitute modifications. Services. Chart warrants it's Services against defects
in workmanship for a period of ninety days from date of their completion.

7. Exclusive Remedy. Equipment/Services Remedy. Should any failure to conform with the applicable warranties appear during the
specified periods under normal and proper use and provided the Equipment has been properly stored, installed, operated and
maintained and if given prompt written notice by Buyer and Chart has been given ten (10) days to inspect said Equipment (and provided
Buyer has helped identify the problem and appropriately decontaminated the Equipment) before any corrective actions are taken, then
Chart shall correct such nonconformity by, at its option, (1) repair or replacement of the nonconforming Equipment or parts thereof, or
(2) refund the purchase price of the nonconforming Equipment or parts thereof, or (3) in the case of nonconforming Services, provide
equivalent Services at the job site or refund the price therefore. Repairs or replacements made pursuant to warranty shall not renew or
extend the applicable original warranty period, provided however, that any such repairs or replacement of Equipment or parts thereof
shall be warranted for the time remaining in the original warranty period or thirty days, whichever is longer. Chart shall not be
responsible for providing working access to the defect, including disassembly and reassembly of Equipment or for providing
transportation to and from Chart's repair or factory facility, all of which shall be at Buyer's risk and expense. These warranties shall also
not apply to any Equipment or parts thereof which: (1) have been improperly repaired or altered; (2) have been subjected to misuse,
excessive external forces, negligence or accident; (3) have been used/operated in a manner contrary to Chart's instructions, specifications
and drawings; (4) are comprised of materials provided or a design stipulated by Buyer; (5) are used equipment; or (6) result from normal
wear and tear. Any repair or alteration without Chart's written approval shall act to void any existing warranty. Buyer also agrees to
defend, indemnify and hold Chart harmless from any third party claims arising out of Buyer's use, sale, or lease of said furnished
Equipment.

8. Disclaimer. THE FOREGOING WARRANTIES ARE EXCLUSIVE AND IN LIEU OF ALL

OTHER WARRANTIES OF QUALITY, PERFORMANCE AND DESIGNS, WRITTEN, ORAL OR IMPLIED, AND ALL OTHER WARRANTIES INCLUDING
ANY IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE OR ARISING FROM COURSE OF DEALING OR
USAGE OF TRADE ARE HEREBY EXPRESSLY DISCLAIMED BY CHART AND ALL EQUIPMENT MANUFACTURERS.
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12. Laws, Codes and Standards. Except as expressly stated herein, the price and schedule Included herein are based on laws, codes, and
standards in effect as of the date of the subject sale. If such laws, codes, and standards change and increase or decrease the cost of
performing the work or impact the schedule, then Chart will advise Buyer of the same. Buyer and Chart shall promptly negotiate in good
faith and mutually agree upon any modification to the order resulting from any such change.

13. Title and Risk of Loss or Damage. Despite any agreement with respect to delivery terms or prepayment of transportation or insurance
charges, the risk of loss or damage shall pass to Buyer and delivery shall be deemed to be complete upon delivery to a private or common
carrier or upon moving into storage, whichever occurs first, at the point of shipment. Title to the Equipment sold shall remain in Chart
until paid for in full.

14. Installation. Installation of Equipment furnished hereunder shall be by Buyer, unless otherwise agreed to in a writing signed by
Chart's duly authorized representative.

15. Field Service. Field service will be provided on a per diem basis upon written authorization by Buyer and at Chart’s rates in effect
when such Services are provided.

16. Cancellation. Cancellation of any order must be by written notice to Chart and will be subject to Chart's cancellation charges.

17. Intellectual Property. Buyer shall defend, indemnify and hold Chart harmless from all expenses, losses and other damages resulting
from any actual or alleged infringement of patents, copyrights or trademarks arising from Chart's compliance with Buyer's designs,
specifications or instructions. Unless otherwise agreed to in a writing signed by Chart's duly authorized representative, all right, title and
interest in any inventions, developments, improvements or modifications of the Equipment and Services made by Chart or Buyer shall
exclusively remain with Chart. Any design, manufacturing drawings or other information submitted to Buyer shall remain the exclusive
property of Chart. Buyer shall not, without Chart's prior written consent, copy nor disclose such information to any person. The
information, drawings, plans, standards, and specifications furnished by Chart were developed at Chart's expense and may not, without
Chart's prior written consent, be used nor disclosed by Buyer for any purpose other than to install, own, operate, and maintain the
subject Equipment. If Chart's Equipment is held to infringe a United States patent in effect as of the date of this agreement, then Chart
may at its option procure for Buyer the right to use the Equipment; modify or replace it with non-infringing Equipment; refund the
purchase price allocable to the infringing Equipment, or settle or otherwise terminate said actions on behalf of Buyer. The foregoing is
Chart's entire liability on patent infringements.

18. Assignment. This agreement may not be transferred or assigned by operation of law or otherwise, without the prior express written
consent of Chart. Any transfer or assignment of any rights, duties or obligations without Chart's consent shall be void.

19. Limitation of Liability. In no event shall Chart, ITS Affiliates, suppliers and subcontractors be liable to Buyer nor to any third party for
any special, indirect, incidental or consequential damages, including but not limited to loss of profits, loss of use, cost of capital, cost of
substitute equipment, downtime costs, delays NOR FOR ANY PENALITIES, whether any such claim FOR THE same is based on contract,
warranty, tort, negligence, strict liability or otherwise. Chart's liability for any such claims whether in contract, warranty, negligence, tort,
strict liability, or otherwise or for any loss or damage arising out of, connected with THIS AGREEMENT or the performance or breach
thereof, or from ANY DESIGN, sale, INSTALLATION, OPERATION OR USE of the equipment or performance of ANY services covered by this
agreement, shall in no event exceed the PURCHASE price paid to Chart by Buyer for the specific Equipment OR PART THEREOF or for the
Services giving rise to THE CLAIM.

20. Export Sales. In no event shall Chart be required to export or deliver any technical information, data and/or Equipment if such export
or delivery is then prohibited or restricted by any law or regulation of the U.S. Government. Buyer to secure all licenses.

21. Governing Law. This agreement is exclusively governed by the laws of the State of Ohio, excluding its conflicts of laws. Buyer agrees
all causes of action under this agreement shall expire unless brought in court of law located in Cleveland, Ohio, to which Buyer does
hereby consent to the jurisdiction of the same, within one year of the date of the occurrence of the event giving rise to any such claim.
22. Headings. The headings used throughout are for convenience only and shall be given no legal effect. Fax copies shall be given the full
force and effect as an original.

23. Entire Agreement. These terms and conditions constitutes the complete and exclusive agreement between Chart and Buyer and there
are no agreements, understandings, restrictions, warranties, or representations between Chart and Buyer other than those set forth
herein or herein provided for.
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