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Powertech HH HyStEP Device User Manual - Introduction

1 INTRODUCTION

The Hydrogen Station Equipment Performance (HyStEP) Device is intended to be a surrogate
for FCEVs that can be used to test hydrogen station fueling performance. Theimsutbes
threeType IV 70 MPa tanksapable of storing a total &f kg H, that areinstrumented with
pressure and temperature sensors. Thest@rdconnected to a 70 MPa receptacle equipped
with pressure and temperature senssvell agnfrared communications integrated with a

data acqisition, analysis, and control system. THgStEP [eviceis capable of performing

tests defined ithe test method standa@EA HGV 4.3to ensure that hydrogen stations meet

the fueling protocol standard SAE J262014 These inalde IrDA communication tés,

fault detection ¢sts andcommunication and necommunication fills

This manuaktontains operational procedures, equipment specifications, & safety information.
To help ensure safe and troulilee operation of the HyStEP device, read this manual
carefully and follow its recommendations.

All specifications and descriptions are accurate at the time of approval. Because improvement
is a constant goal at Powertech, we reserve the right to make changes in specifications at any
time without notice and wittut obligation.
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1.1 How To USE THIS MANUAL

This manual is only applicable to the HyStEP device with Model # HYSTHEPL and serial
number: 100aL5. Keep this manual in the tool chest in the Utility Room as a handy reference
for the safe and proper usetb& equipment.

lllustrations, photos, and drawings complement the words of this manual to best explain how
to operate the HyStEP device. By reading this manual from cover to cover, you can find out
about the features, important safety information, andabipg procedures of the HyStEP
device.

This manual can also be used as training guidelines for people who want to operate the
HyStEP. It is recommended to have the HyStEP device avaitbiag training because
some of the operations are best learnddoimt of the equipment.

The following symbols are used throughout this manual to highlight instructions,-safety
critical information and other key information:

Note: Provides important notes and useful information.

Caution. Provides cautionary info rmation related to equipment
conditions as w ell as health and safety. Failure  to observe and follow the
instructions may result in  equipment failure and/or injury to people
around the device.

conditions as well as health and safety. Failed to observe and follow the
information may resu It in equipment failure, injury , and/or fatalities to

! Danger. Provides information on potential danger s related to equipment
people around the device.

Note: A good place to start is the Table of Conten  ts or HyStEP at a
Glance

Copyright © 2015. Powertech Labs Inc. All rights reserved. Page 2
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1.2 HYSTEP AT A GLANCE

This section provides a pictorial overview of the HyStEP layout to help you locate the
essential equipment. Revidvigure 1 to Figure 3 to familiarize yourself with the equipment
location and orientation of the HyStEP device.
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FIGURE 3 - EQUIPMENT LAYOUT (SECTION VIEW FROM BACK)

1.3 ESSENTIAL SAFETY EQUIPMENT

The HystEP device is equipped with a number of safesguresto mitigate the risks
associated with handling compressed hydrogen. peeator kall carefully read alsections
related to hydrogen and equipment safety.

Gas Detectioni there are two (2) hydrogen sensors installed to detect the hydrogen level
[%LEL] inside the trailer.

Heat Detectori there are two (2) heat sensors installed teatdire hazards inside the
trailer.

Pressure Relief Device (PRDj arupturedisc pressure relief device is installed in the
nitrogen purge system to prevent opeessurizationAlso, there is a sprintpaded seHl
reseating safety relief valve at theragen pneumatic supply line.

Thermally -activated Pressure Relief Devic TPRD) i each hydrogen tank is fitted
with a thermallyactivated pressure relief device to release all the gas inside the tank
under high temperature (activated at abouf@)L0

Intrin sic Safety (IS) Barrier 7 field sensors such as pressure transducers &
thermocouples in hazardous areas are isolated with IS barriers to achieve energy
limitation when faults occur.

Explosion-Proof Enclosure i a number of explosieproof enclosures are uken
HyStEP to house electrical components, devices, and connections in hazardous locations
where energy limitation technique is not possible.

Copyright © 2015. Powertech Labs Inc. All rights reserved. Page 4
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Ventilation 7 to minimize risk of hydrogen accumulation when leaks occurs, there is a
manual roof vent along witthe back door monitoring to provide natural ventilation
when HyStEP is in use.

Sandbagsi stored in the Utility Room and used to weigh down remote vent stack at the
basetoincreasetiset abi | ity of the 176 90 high struct

Wheel Chocksi stored in theUtility Room are provided to secure the trailer when
detached from the towing vehicle.

Traffic Conesi stored in the Utility Room are provided to cone off the area where the
trailer and remote vent stack are located from the general public.

Cable Traysi stored in the Utility Room are provided to house electrical cords and gas
hoses where needed to protect them from physical damages as well as to mitigate tripping
hazards.

Audible & Visual (AV) Alarm 7 the automation & data acquisition system (cDAQ) is
equpped with an AV alarm device in the Operator Panel to notify the operator and
personnel nearby the trailer when abnormal operating conditions occur.

1.4 IDENTIFYING HAZARDOUS CONDITIONS

Although the HyStEP device has numerous safety features to monitor hezaatalitions
and to reduce the risk of injuryt is the responsibility of the HyStEP operator to
constantly look out for hazardous conditions and to immediately address such
hazardous conditions in a safe manneBelow is a list of potential hazardousnctitions to
assist the operator to identify them and to look out for any other hazards:

9 Personnel injury hazard, fire hazard, or knoglker hazard if the remote vent stack is
located at suboptimal locations such as high traffic areas.

1 Fire or explosion hazd if the explosiomproof enclosures are not closed when
hydrogen is present in the system and leaks occur.

1 High level of hydrogen accumulated inside the trailer if the trailer doors and roof
vent are closed during operation when hydrogen is presene inytem and leaks
occur.

9 Trailer may roll if wheel chocks not used to secure the trailer when parked and not
attached to the tow vehicle.

Electrical hazards may occur if the trailer is not electrically grounded.

Electrical hazards if the trailer electriaord is connected to Ne@GFCI outlet when
used outdoors.

1 General public may enter the hazardous areas accidentally if traffic cones are not
used around remote vent stack and trailer

Tip-over hazard if sandbags are not applied at the base of the remiostaois

Hose whip hazard if sandbags are not used at the hose ends and connections.

Copyright © 2015. Powertech Labs Inc. All rights reserved. Page 5
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1.5

1 Tripping hazard and physical damages if cable trays are not used to protect electrical
cords or gas hoses on the ground.

IN CASE OF EMERGENCY

Before operating the HyStE&evice, the operator shall prepare himself/herself in case of
emergency during the operation. The following scenarios are to prepare the operator to
handle some situations; however, contact the local emergency departments immediately if
needed.

1.5.1 Leak Detected

If a leak is detected in theystemplumbing, immediately shut down the systempgssing

the ESD button on the Operator PanEhsure that no sources of ignition are introduced and
allow the hydrogen gas to remain in the isolated portion of theraytst vent to atmosphere.

When the gas has vented sufficiently, purge the affected system components and replace or
repair the leaking component.

If an unstoppabldeak is detected from aylinder, allow the hydrogen gas to vent to
atmosphere. Completelyerting the hydrogen gas out of an entirénter through a small

leak maytake a long time and could create a dangerous concentration of hydrogen gas.
Therefore, purging theylinder may be necessary

1.5.2 Exposureto Fire

If the trailer is exposed to suffiagie heat generated from a fire, the thermal pressure relief
device (TPRD) will automatically vent the entire contents of the affected storage cylinder(s)
through the TPRD manifold outlets. This allows the contents of the cylinders to be vented
without havirg a dangerous increase in pressure due to the added heat energy from the fire.

All the cylinders are equipped withermally activated pressure relief devices (TPRD). The
TPRDs, when activateoly high temperatureelease theylindercontents intdhe vert stack
Each stack should be openeehhinually to verify that the stacks are empty.

1.5.3 Trailer Involved in Collision

If the trailer is involved in a collision or accident involving another vehicle or object, careful
inspection of the cylinders and comporseig required to ensure physical damage has not
occurred After a collision contact Powertech Labs Inc. prior to further system operation for
a damage assessment and recommended actions.

Powertech Labs Inc.

12388i 88" Avenue, Surrey, British Columbi@anada, V3W 7R7
http://www.powertechlabs.com

Office: +1 (604) 5967500

Fax: +1 (604) 5906611
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2 IMPORTANT SAFETY INFORMATION

2.1 HYDROGEN SAFETY

All fuels, including hydrogen, are dangerous because they are adigmeactive. It is this
reactivity which makes fuels excellent sources of energy. Hydrogen is not inherently more
dangerous thaany other fuel, such as natural gas or gasoline, but its properties are unique
and it must be handled with appropriate c&hgdrogen leaks form the basis of all gaseous
hydrogen hazargsvithout a leak there is no opportunity for hydrogen to mix with air, and
therefore no basis for flammability or asphyxiation hazards.

2.2 HYDROGEN LEAK POTENTIAL

Due to the small molecular size gseous hydrogen, it can diffuse through many materials
considered airtight or impermeable to other gases. This property makes hydrogen more
difficult to contain than other gases. Fuel lines, unwelded connections, andetanseals

such as gaskets,-fings, pipe thread compounds and packings present potential leakage or
permeation sites.

Hydrogen leaks are dangerous in that they pose a risk of fire when mixed with air. However,
the small molecule size that increases the likelihood of a leak also reswiésy high
buoyancy and diffusivity, so leaked hydrogen rises and becomes diluted quickly, especially
outdoors. This results in kighly localized region of flammability that disperses quickly.
Ambient wind or other motion further speeds dispersion, tladkicing the region of
flammability.

Constant exposure to hydrogen causes a phenomenon known as hydrogen embrittlement in
many materials. Hydrogen embrittlement can lead to leakage or catastrophic failures in metal
and nomametallic componentsStainless teel components ar@ot susceptible to hydrogen
embrittlementwhich mitigates this risk

Hydrogen leaks in any hydrogen storage system are mitigated by design and ongoing
maintenance. Materials used are resistant to metal embrittlement, are designetidgern
use, and are fire resistant. Maintenance procedures include leak tests and inspections.

2.3 HYDROGEN FLAMMABILITY

Hydrogen gas becomes flammable or explosive when mixed with air at certain
concentrations. Oxygen and hydrogen mix when air is allowedt&r a hydrogen vessel, or
when hydrogen leaks into the atmosphere.

The flammability range of a gas is defined in terms of its lower flammability limit (LFL) and
its upper flammability limit (UFL). The LFL of a gas is the lowest gas concentration that wi
support a selpropagating flame when mixed with air and ignited. Below the LFL, there is
not enough fuel present to support combustion; the fuel/air mixture is too lean. The UFL of a
gas is the highest gas concentration that will support gpsgtlagéing flame when mixed

with air and ignited. Above the UFL, there is not enough oxygen present to support
combustion; the fuel/air mixture is too rich. Between the two limits is the flammable range in
which the gas and air are in the right proportions to lhen ignited.
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One consequence of the UFL is that stored hydrogen is not flammable while stored due to the
absence of oxygen in the cylinders. The hydrogen only becomes flammable in the peripheral
areas of a leak where the hydrogen mixes with the aufiicient proportions.

Hydrogen is flammable over a wide range of concentrations in air 78%) and it is
explosive over a wide range of concentrations {1%59%) at standard atmospheric
temperature. As a result, even small leaks of hydrogen hapetietial to burn or explode.

A flammable hydrogen mixture is easily ignited by a spark, open flame or hot surface. A
common source of sparks is through static discharge. To exacerbate this, hydrogen has the
distinctive property of low electroonductivityso that the flow or agitation of hydrogen gas

may, by itself, generate electrostatic charges. For this reason, all hydrogen conveying
equipment must be thoroughly grounded.

Hot surfaces result in spontaneous ignition at temperatures greater than 56@ °E)(T his

is the auto ignition temperature of hydrogen, and is the minimum temperature required to
initiate selfsustained combustion in a combustible fuel mixture in the absence of a source of
ignition.

Hydrogen flames are very pale blue and are alinessible in daylight due to the absence of

soot. Visibility is enhanced by the presence of moisture or impurities (such as sulphur) in the

air. Hydrogen flames are readily visible in the dark or subdued light. A hydrogen fire can be
indirectly visiblely way of emanating fiheat rippleso anc
large fires. In many instances, flames from a hydrogen fire may ignite surrounding materials

that do produce smoke and soot during combustion.

In many respects, hydrogen fires aeder than gasoline fires. Hydrogen gas rises quickly due
to its high buoyancy and diffusivity whereas gasoline spreads laterally. Consequently,
hydrogen fires are vertical and highly localized and can only exist in the region of a leak
where pure hydrogemixes with air at sufficient concentrations. Hydrogen emits-toait
combustion products when burned.

2.4 HYDROGENG PHYSICAL EFFECTS

Pure hydrogen is odourless, colourless and tasteless. Compounds such as mercaptans and
thiophanes that are used to scentiratgas are typically not added to hydrogen.

Hydrogen is noftoxic but can act as a simple asphyxiant by displacing the oxygen in the air.
In an enclosed area, small leaks pose little danger of asphyxiation, whereas large leaks can be
a serious problem ste the hydrogen diffuses quickly to fill the volume. The potential for
asphyxiation in unconfined areas is almost negligible due to the high buoyancy and
diffusivity of hydrogen.

2.5 OPERATOR RESPONSIBILITIES

The operator shall

1 Constantly look out for hazamds conditions and address such conditions
immediately.
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1 Familiarize himself or herself of this manual and observe the safety & hazard
warnings at all time.

1 Maintain the safety of the trailer, the HyStEP component, property, and the general
public aroundhe trailer.

1 Report any defects, safety concerns, and/or operational anomalies tovthree r 0 s
representativand be ready to lock out the device if they pose safety con(etns
leaks, high pressure, high flow rate)

1 Ensure the latest version of the tesigedures iIlCSA HGV 4.3are being used

1 Keep the device (whether operating or not) in the suitable environmental conditions
as outlined in SectioR.12- Storage

1 Not attempt to alter any of the meckea components, electrical devices, or cDAQ
software code$or any reasonsvithout written authorization from the manufacturer.

Such alternation may void the manufacturer warranty and/or result in unsafe
operating conditions

2.6 PERSONAL PROTECTIVE EQUIPMENT

2.6.1 Protective Equipment

Protective equipment should be used while working on or operating the HyStEP device.
Work boots with steel inserts to protect toes shall be used. Hard hats shall be wern wh
working nearthe remote vent stack and/or when laddeisesd around HyStEP.

2.6.2 Eye Protection

When compressed gas is present in the system, eye protection shall be applied at all time.

2.6.3 Hearing Protection

Ears should be protected in a noisy environnseich as defuelingDisposable earplugs and
earmuffs areecomnended.

2.6.4 Clothing

High visibility clothing shall be worn at all time and fire resistant clothing should be worn
when working with flammable gas. Gloves shall be used when setting up the HyStEP,
moving objects, and/or turning hand valves (system compooantget as low ag0’C).

Long sleeved shirts with cuffs buttoned and kegged pants should be worn when working
near the remote vent stack while venting and/or when a ladder is used around HyStEP when
the system is pressurized

2.7 UNDERSTAND HYSTEP BEFORE YOUR 1°" USE
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HyStEP is a device that simulates the Compressed Hydrogen Storage System (CHSS) of a
Hydrogen Fuel Cell Vehicle (HFCV) to test the safety and performance of hydrogen
dispensers up to a maximum hydrogen pressure of 87.5MPa.

The device receivetiydrogen gas from the dispenser. A computerized instrumentation
system (cDAQ) sequences components and measures the temperature & pressure of the
incoming hydrogen at various locations. It also monitors the safety of the system and
provides alarm notificédns if any of the monitored parameters are out of normal operating
range.

The system requires 120VAC/15A/60Hz electrical power adelquatenitrogen supply to
operate.

The cDAQ is equipped with a cellular modem that connects to the Internet via cellular
network as well as acts as Ethernet router of the local area network within the HyStEP
device.Computers can be connected to the local area network via thes@ack located in

the utility room for file download and administration.

The mechanical and addtrical components of HyStEP are housed inside an enclosed utility
trailer with 7,000 Ib GVWRand can be towed by SUVs, trucks, forklifts, or utility vehicles

that are rated for such towing capacity. The HyStEP trailer can be towed around on paved
roads/lighways as any other duakial utility trailers.

2.8 PRE-TRIP INSPECTION

Before towing the HyStEP device on a road trip, the operator should performtrppre
inspection on the exterior and interior of the device.

Interior

1 Make surepartsare properly seced such aslectrical cords, grounding cables, gas
hoses, remote vent stack qooments, and nitrogen cylinders

1 Make sure itrogen supply is disconnected from the nitrogen panel and caps are
installed onte nitrogen cylinders

1 Make sure theHyStEP tools,supplies and spare parts are in place such @ss,
sandbags, and cable trays

Exterior
1 Check the trailer tire pressure
1 Make sure the doors are closed and locks are in place.
1 Make sure theaof ventis closed and secured
1 Check therailer signal lights
1 Check the charge on the battery for the trailers emergency brakes
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1 Make surghe caps on the trailers vent stack outlets are installed

System

1 Connect the HyStEP to an electrical outlet to cheak ¢DAQ & touchscreen

operations

= = =4 =4

isolation valves (NV 3, NV 4, and NV 5))

Check thenydrogentank pressur against the last record for leaks
Make sure nitrogen supply isegliate or have it ready on site
Check the pressure gauges to ensure the system presatia safe level for travel

Make sure alpressure regulatomnd manualvalves are close(excluding the tank

Caution. If the tanks or other pressure components are opened to the
atmosphere, the system must be purged prior to the trip.

2.9 TOWING

Serious damage or injury can occur from improper towing. Make to follow the towing
procedures outlined in this manual and in the Forest River Trailer MéesComponent
Manual Section of AppendjxWarnings for towing are shown below.

Uncoupling will cause trailer to come loose
from tow vehicle. You must:

1. CHECK that ball LOAD RATING is same as or
greater than coupler LOAD RATING.

2. CHECK that ball SIZE is same as coupler.

3. CLOSE COUPLER CLAMP on ball.

4. LIFT coupler upwards to test that it will not
separate from ball,

5. LOCK coupler clamp with pin or padiock.

ALWAYS use safety chains. Chains

hold trailer if connection fails. You

must:

1. CROSS chains underneath coupler.

2. ALLOW slack for trailer to turn.

3. ATTACH chain hooks securely to
tow vehicle frame.

Trailer can roll if it comes loose. Electric safety
brake applies when cable pulls pin out of
switch box.

1. PULL hard to get pin out of switch box.

2. CHECK brake by PULLING TRAILER with tow
vehicle.

3. ATTACH pin Cable to tow vehicle so pin will
be pulled out if trailer

4. Promptly REPLACE pin in switch box.

cam >

ATTACH HOOKS TO TOW VEHICLE FRAME

=

PIN PULLED OUT, ONLY TO TEST BRAKES

Copyright © 2015. Powertech Labs Inc. All rights reserved.
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Lights can prevent trailer from being hit by Tire, wheel or lug nut failure can cause loss of
other vehicles. You must: control. Before towing, you must CHECK:
1. CONNECT trailer and tow vehicle electrical 1. Tire pressure and tread.
connectors. 2. Tires and wheels for damage.
2. CHECK all lights: tail lights, turn signal, and § 3, Lug nuts for tightness.
brake lights. For new and remounted wheels,
3. DO NOT TOW if lights are not working. re-tighten lug nuts at the first

10, 25 and 50 miles of driving.

| DISCONNECTED ~ CONNECTED /

Lug Nuts
TIGHT?

Tires and Wheels OK? WL

FIGURE 4 - MANUFACTURER WARNINGS FOR TOWING THE TRAILER

2.10 SITE INSPECTION

To ensure safe operation of the HyStEP device, users must follow thp pedcedures
outlined in this manual. Incorrect agp of equipment osetup insuboptimallocatiors could
causeinjury andor damage to the device. Revidhe steps below to determiménether the
site is suitable and safe for operating the HyStEP.

1.

Identify the locations of the hydrogen dispenser to be tested and check the
surrounding for clearance

Evaluate the site for the safest location fetting up tke remote vent stack
Use traffic cones to secutiee areas

Locate your 120VAC electrical power outlet total length oBO feetelectrical cord)
and at least 15 featvay from trailer

Locate your grounding point
Check the nitrogen supply
Ifalloftheabow e i s sati sf i eduptheHystBPi Beetiorddfort o A Se

detailed procedures; otherwise, do not operate the HyStEP and contact the dispenser
owner for resolutions and/or further instructions.

2.11WARRANTY & CONTACT INFORMATION

Powertech Labs Inc. (PLI) provides assurance that all the devices, components, and
equipment supplied and installed by PLI will perform to the performance specifications for a
1-year period from the completiordate of the systemtraining/demonsttion by PLI
representativeat National Renewable Energy Laboratay December 42015
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The Tyear warranty period of the system expiresih00:00amDecember3, 2016

Note: any deletion, additions, or alternations of the system without written apromra
the manufacturemay void the warranty, damage the system, and/or result in unsafe
operations.

To make a warranty claim or enquiry about warranty information, please conteet owner 6 s
representative or Pldnd quote reference number-BQ742.

HyStEP Owner:
The United States Department of Energy (DOE)

Owner 6s Representative:
Terry Johnson, Sandia National Laboratories
P.O. Box 969, Livermore, California, 9455969
Office: +1 (924)2942512
Fax: +1 (925)294-3870

Powertech Labs Inc.:
Gas SgtemsEngineering Powertech Labs Inc.
123881 88" Avenue, Surrey, British Columbia, Canada, V3W 7R7
http://www.powertechlabs.com

Office: +1 (604) 5967500
Fax: +1 (604) 5906611

2.12 STORAGE

The HyStEP devicés protected againswind, rain, snow,and sunlight by the utility trailer.
Care should be taken when the HyStEP devicetio be used for a long time.

9 Store either indoor or outdoor providing the environmental conditions are4@db
85°C and 5 to95% relative humidityr{oncondensing

Wash the exterior of the trailer with water
Park and secure the trailer as level as possible front to rear and side to side

Purge the system with nitrogen

=A = =4 =

Inspect the opening olfie vent stack on the roof to makeestine caps are properly in
place. If not, there may have beamessure relief device (PRRktivation and system
should be thoroughly checked (refefMaintenance Sectign

9 Drain theThermal Pressure Relief Device (TPR@nt stack for water using drain
port at the bottom.

1 Recordlabel the system pressurm the three hydrogen tanks and the nitrogen
cylindersfor later comparison against leaks
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1 Close allpressure @gulatos andhand valves (excluding the tank isolation valves
(NV 3, NV 4, and NV 5))

Disconrect the electrical power
Disconnect the nitrogen supply
Close the roof ven(f stored outside)
Close all doors

Lock all doorsand the trailer hitckvhen stored outside.

=A = =4 =2 =4 =4

Trickle charge the 12VDC batteof the trailer ébrake system
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3

3.1

3.2

HYSTEP OVERVIEW

OVERVIEW

The HyStEP device has 3 main processes:

1. Fueling
2. Defueling
3. Purging

Fueling is when the majority of tests are conducted. This process involves flowing gas from
the dispenser into the HyStEP device via a receptaclsaratal other componengsior to
thetanks. There are 3 tanks that can be fueled, allowing for a maximum capacity of 9.3 kg.
During a fill, the test type must be selected (as per CSA HGV 4.3) and data will be logged so
it can be analyzed afterwards.

Defueling is primarily used before tramsping the device or when all the tanks are full. Gas
is vented through a remote vent stack and the defueling flow rate is controlled using an
adjustable regulator and needle valve.

Purging is used to either remove air from the system or to remove hydrogethe system.

It is conducted using nitrogen and occurs prior to transport or after any maintenance is
conducted that requires air to enter the system. A nitrogen T or K cylinder is used and the
nitrogen flow is controlled using an adjustable regulaiod needle valve. The gas is then
vented through the remote vent stack and this process is repeated 3 times to ensure the
removal of the unwanted gas.

SPECIFICATIONS

Table 3-1, Table3-2, andTable 3-3 show the specifications for the electrical system, utility
trailer and the hydrogen system respectively.

TABLE 3-1 —ELECTRICAL SPECIFICATIONS

Description Specification
Model HYSTEP-120-1
Serial # 1000-15
Voltage 120VAC/24VDC
Amperage 15/10 A
Frequency (AC) 60 Hz
Phase 19/DC
Temperature Code T3
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Operating Temperature

-10°C to 45°C

Relative Humidity

10 to 90% Relative Humidity (noncondensing)

IRDI

200392 IRDI Test Signal Generator with Modbus
200019 IR Transmitter

Control System

National Instruments® cDAQ

TABLE 3-2 - UTILITY TRAILER SPECIFICATIONS

Model OSTW710TA2
Manufacturer Continental Cargo
Axle Dual Axle, Torsional Suspension
Overall Length 13’ 10”

Overall Width 86"

Overall Height 8’ 6"

Interior Length 10’ 77

Interior Width 6’ 8"

Interior Height 6’9"

Rear Door Double

Rear Door Width 6’

Rear Door Height 6’

Hitch Weight 154 1b

Hitch Height 18 in

Ball Size 2-5/16"
Platform Height 18”

GVWR 7,000 Ibs

Curb Weight 1,540 b
Payload 5,460 |b

Brakes Electric

Tires ST205/75R15/C
Wheels 5-bolt

Copyright © 2015. Powertech Labs Inc. All rights reserved.
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Description Specification
Frame 4” Tube
Wheel Torque Spec. 95 ft.-lbs
Recommended Tire Pressure 50 PSI/345 KPa

TABLE 3-3 - GAS SYSTEM SPECIFICATIONS

Description Specification

Hydrogen System

Maximum/Minimum Pressure 87.5 MPa (12,690 psig) / 0.5 MPa ( 72.5 psig)
Rating

Gas Temperature Range -40°C to 85°C

Tanks Three Quantum “Type 4” composite tanks

Part Number: 116729

Serial Number:H14120763GM016,
H14120763GMO019, and H14120763GM012

76L Internal Volume at Service Pressure each

Receptacle 700 bar: WEH TN1 P70

Nitrogen System

Max. Cylinder Pressure 20.7 MPa (3,000 psig)
Max. Purge System Pressure 10.3 MPa (1,500 psig)
Max. Instrument Pressure 0.7 MPa (100 psig)

3.3 APPROVALS

The HyStEP device does ndiear any single approval/certification/marks. All the
conponents used ithe HyStEP were properly engineered to meet the project requirements.

All electrical equipment has eithedlL, CSA, CE, TBD, or IP67 gpovals.The hydrogen
equipment hagither ASME, ASTM, ECE, CGA, or NACE approvals. The receptacle is
registered to E1 00 0010 (Regulation (EC) No. 79/2009) and SAE J2600:2002. Storage tanks
were qualified in accordance with NG\2D07 (R2012). The entire hydrogen system was
designed to ASME B31.12: Hydrogen Pressure Piping Code (2011) and NFPA 2 was used as
a guideline when applicable.

3.4 EQUIPMENT LAYOUT & COMPONENTS

The HyStEP device is split into two rooms, the utility room and gas room. Components in
each of these rooms are listed below.

1. Utility Room
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Tool chest with spare parts and tools inside
Storage foelectrical cord and hydrogen vent hose
Sandbag storage

Cable tray storage

Safety cone storage

Gas detection probe

Heat detection probe

Rooftop vent

LED Light

TS@Too0 T

2. Gas Room
Hydrogen storage tanks
Air actuated control valves
Rupture disk style pressure reliefvite
Ther mal Pressure Relief Devices (TPRD®G
Various sensors and fittings
Gas detection probe
Heat detection probe
Nitrogen cylinder storage
Explosion proof box for unclassified electrical equipment
Remote vent stack storage
Valve override panel
Intrinsically safe wiring junction box
. LED Light
Back side of main control panel which includes:
i. HMI
ii. ESD button
iii. Audible/Visual Alarm
iv. Hydrogen receptacle, gauges, regulator, needle valve

S3ITATTSQ@ 000

Figure 5 below shows the locationf ahese rooms within the trailer as well as the trailer
layout.

T Y

e

FIGURE 5 — HYDROGEN STATION EQUIPMENT LAYOUT
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4

4.1

4.2

4.3

EQUIPMENT DESIGN & SAFETY

HAZARDOUS AREA CLASSIFICATION

Since hydrogen is unlikely to exist under normal operatingditions, it is therefore
classified as Class 1 Division 2 hazardous area when hydrogen is present in the laystem.
addition,the trailerwill be located near a hydrogen dispenser (also Clagsigid@h 2 within

5 feet ofthe dispenserhll of the unclasified electrical equipment isstalledin explosion

proof enclosures/boxedAny electrical equipment outside of this box is intrinsically safe or
rated for the environment.

For details on the extent of the classified area, see drawh@P4202-01 in AppendixL.

Caution. No smoking, open flames, or use of electronic devices within
the hazardous area of the HyStEP (~15ft).

MOBILITY & TRANSPORT

The HyStEP device is designed to be transported between hydrogen stations. All the
equipment is locatedithin a utility trailer which can be towed by a vehicle. The remote vent
stack disassembles into several parts which are stowed inside the trailer for transport. The
trailer is equipped with a dual Bxtorsional suspension system to minimize vibratioréngu
transport.

The hydrogen system includes Quantum hydrogen tanks and the rack that houses the tanks
has undergone an F.E.A. (Finite Element Analysis) to facilitate DOT (Department of
Transportation) permitting of the trailer. DOT permitting is to be gleted by the owner of

the device.

HYDROGEN SYSTEM

The hydrogen system includes all the components shown on the simplified process and
instrumentation diagram below.
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REMOTE
——————————— — NITROGEN MENT STACK

— — — — INSTRUMENT AR
———— HYDROGEN
e EQUIPMENT OUTLINE i

4 099 &
- i o @)
O
e [ oo, o sy
" : A 2 NV 4 %2
o, e[l .
RECEPTACLE| ’:@’ @—;;ié; —p— L o
@ FILTER 1

INSTRUMENT NITROGEN
AR/NITROGEN SUPPLY PURGE

FIGURE 6 - SIMPLIFIED P&ID OF HYDROGEN SYSTEM

All the hydrogen components in the system are rated to a pressure of 87.5 MPa (12,690 psig)
and a minimum temperature €f0°C (-40°F). For vibration resistance, cone and thread style
fittings were primarily used. Pneumatically actuatedvesl(air valves) are of the needle
valve style and manually operated needle valves were used as isolation valves on the tanks
because there are no ball valves available wit02C temperature rating.

Note: All system piping is designed and built as per the requirements of
ASME B31.12

4.4 HYDROGEN STORAGE SYSTEM

The storage system consists of 3 Quantum ATy
tanks are qualified in accordance with NG¥207 (R2012) and have a Luxfer thermal
pressure relief device (FPD) i nstall ed on each of them. Dua
are mounted inside the tanks to measure the temperature inside the tank at the tip of the

t her mocoupl e andFiduie?7shavs&hotd of thharend ohtlee tanki with the

TPRD and idine thermocoupleFigure 8 shows a photo of the inlet/outlet of the tank with

the needle valve, thermocouple, pressure transducer, and pneumatically actuated needle
valve.
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FIGURE 8 - HYDROGEN TANK INLET/OUTLET

Each tank has the specification showrnTable 4-1 below. The tanks are mounted using a
Canimco fAProfile A20 style bracket and a cus
the tanks are in Sectighl12of this manual.

TABLE 4-1 - QUANTUM TANK SPECIFICATION

Part Number 116729

Quantity 3

ASM Weight 52 kg each (114.6 Ib)
Internal Tank Volume at Service 76L each (2.68 cubic feet)
Pressure
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Capacityat 15C and 70 MPa 3.1 kg (hydrogen)

Overall Length 718mm (28.27 inoks)

Diameter 497mm (19.57 inches)

Service Pressure at 15 70 MPa (10,152 psi)

Operating Temperature Range -40°C to +85C (-40°F to +185F)

Design Service Life 15 years or 5,000 fill cycles

Certification Qualified in accordance with NGV2007 (R2012)

4.5 REMOTE VENT STACK SYSTEM

The remote vent stack is used for defueling the hydrogen system after testing or when the
tanks are full. The vent stack has a tripod style base, CGA style outlet, arfil $all7 It
disassembles into 4 pieces which are stimetthe trailer when not in use. The vent stack is
connected to the trailer by a 50ft long hydrogen hose (twfh. 28ngths with a coupling in

the middle) allowing for it to be located in an appropriate location.

The hydrogen hose has a rating of 128B8a\18,560 psig) and has quick connect fittings on
either end of the hose. When in use, the hose is to be protected inside cable trays and traffic
cones should be setup to close off the area where venting if occurring. Sand bags are also
provided to placen the base of the vent stack to prevent it from being blown over in a strong
wind.

Figure9 shows the vent stack disassembled and inside the trailer for transportation (left) and
assembled, ready for venting o titight.

Caution: Venting can be loud and potentially cause hearing damage. Ear
plugs should be used when venting.

FIGURE 9 - REMOTE VENT STACK DISASSEMBLED (LEFT), SETUP FOR VENTING (RIGHT)
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4.6 THERMAL PRESSURE RELIEF SYSTEM

On one end of each tank there is a Thermal Pressure Relief Deséfégure10) to vent the

entire content of th&ank in the event of a fire. The relief device used is a Luxfer-P&D

02-0 with a MAWP of 87.5 MPa. Fromhé out e t of each TPRD there i
enters a J0 vent stack which exit éeeFigue r oof
11) has a cap to prevent water from entering the stack. The bottom of the vent haka need

valve to drain any water out that may have entered the stack (if the cap has been removed).

@ Note: Check that TPRD vent cap is installed once per test site

IJ0 Vent St

\

|

TPRD

. \)
Drain Valve

E "E’s’\n ‘

FIGURE 10 - TPRD VENT STACK (LEFT), SCHEMATIC OF TPRD (RIGHT)

FIGURE 11 - VENT STACK CAPS
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4.7 NITROGEN SYSTEM

4.7.1 Nitrogen Purge System

The nitrogen purge system is used for purging the hydrogen system prior to transport. The
purge system has a MAWP of 3,000 psig and there is a rupture disktbet pressure to

ensure the system is not over pressurized in the event of high pressure hydrogen entering the
system.

The purge system reduces the pressure from a nitrogen cylinder and controls the flow of gas
into the hydrogen system. It includes fhkowing components:

Pressure reducing regulator (6000 psig inlet,3D0 psig outlet)

Pressure gauge (0 to 2,000 psi)

Purge valve (ball valve)

2 micron particulate filter

Purge flow control valve (needle valve with 15,000 psig rating)

Check valve to preent hydrogen flowing into nitrogen system (15,000 psig rated)
Rupture disk with a 20 MPa (3,000 psig) rupture pressure, as a safety to prevent H2
flow entering N2 system if check valve and needle valve fail

=4 =4 =8 =8 -8 a1

Figure 12, Figure 13, andFigure 14 show the layout and components in the nitrogen purge
system. On the nitrogen panel, the purge system is in the top row and the instruroget nit
supply is in the lower row.

FIGURE 12 - NITROGEN SYSTEM
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NITROGEN
CYLINDER
PRESSURE

PURAE VALVE > i R';:\.Z
— @3

e @ — @\,

INST . VIENT N2 INSTRUMENT
SUPPLY VALVE INSTRUMENT PRESSURE REGULATOR

FIGURE 13 - NITROGEN PANEL

Nitrogen Filter
Rupture Disk

FIGURE 14 - NITROGEN FILTER & FLOW CONTROL VALVE (LEFT), RUPTURE DISK (RIGHT)
4.7.2 Instrument Nitrogen Supply

The instrument nitrogen system is used to supply pressurized nitrogen gas to the
pneumatically actuated valves (air valves) in the hydrogen system. The system reduces the
pressure from a nitrogen cylinder to approx. 95 psig usingesspre regulator. Then it is
supplied to solenoid valves in the main control panel and distributed to the pneumatically
actuated valves. There is also a valve overpdeel (seeFigure 16) which bypasses the
soleroid valves with manual-@/ay ball valves. This is to be used in the event of a ptvssr

or solenoid malfunction.

Components in the instrument nitrogen system include:

Pressure gauge-@DO0 psi)

Pressure reducing regulator (3,500 psi inlet, 0 to 100yk&td
Ball valve

Safety relief valve set at 125 psi

Solenoid valves (inside explosion proof box)

Pressure Switch

Pneumatically actuated needle valves (for Hydrogen system)

=4 =4 =8 =4 =4 -4 -
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1 3-way valves inside valve oveide box

FIGURE 15 - INSTRUMENT NITROGEN SAFETY RELIEF VALVE

FILLVALVE DEFUEL VALVE

,
TANK1  TANK2  TANK3

FIGURE 16 - VALVE OVERRIDE PANEL

4.8 ELECTRICAL SYSTEM

The HyStEP Device electrical system is made up of the sensors and instruments used to
measure hydrogen temperature and pressure at varicatsolts, the data acquisition and
control system, the IR communications hardware, and the network hardware. This system
includes a Class 1, DOsion 2 Hazardous Area Classification design.

The entire electrical system is powered by plugging the 80ft xtercord to a regular
120VAC/15A outlet at the site/facility where the HyStEP will be used. Ground Fault Circuit
Interrupter (GFCI) circuit isequiredwhen used outsider in wet location

The electrical cord is wired to the inside of explogiwoof endosure to power the IrDA
generator, the Main Solenoid Valve, and three DC power supplies as Sigpwel7. Each
circuit is fused to protect the compaone Electrical wiring detailsare included in the
HyStEP Eletrical Asbuilt Package.

4.8.1 Explosion-Proof Enclosure & Intrinsic Safety

Explosionproof enclosure and junction boxes are used to house unclassified electrical
devices and connections. Intrinsic safety wiring is used to limit the energy delivered to the
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eledrical sensors and switches installed in hazardous locatiunsisic Safety Barriers are
used for all pressure transducers, thermocouples, and switches.

Caution. The trailer MUST be bonded to a grounding source onsite when
hydrogen is presentinth e system.

EXFLOSION-FRO0F ENCLOSURE
ELECTRICAL

24VIC
L# IMEITE THE FOWER SUFFLY
L8

TRAILER, DISF .
ANT OTHER HAZ4700U%
AREAS.

DA DEUTS <
TOUCH HAl

FWE TO IrDa
CEMERSTIR
ESD CIRCUT
TO Gas TETECTION <
INTEINST BaRRIERS <<
TO Dan COMPOMENTS <o

LED LICHTS
xa

ESD 7O D40 OUTFUTS

PAKEL CROUND

FIGURE 17 - HYSTEP ELECTRICAL POWER DISTRIBUTION

Note. The HyStEP electrical system is separate from the trailer 12VDC
system that is powered by the tow vehicle.

4.8.2 Emergency shut Down (ESD) Circuit

The emergency shdibwn control circuit is the primary safety system for the HyStEP Device

and was designed to reliably put the system in a safe state when any one of a number of
triggers are activated. The circuit consists of seven separate relays that are each opened by a
unique event. The relays include the ESD button, a cloéQrolled relay, the two heat
sensors, the high alarm on the two H2 detectors, and a failure of the H2 detector in the rear of
the trailer. The cDAQ controlled relays will open based on the alairsesisged in the
previous section. Note that there is redundancy for H2 detection since each detector has a
hardwired relay as well as the cDAQ alarnd&eenergizehe ESD circuit.

When the ESD circuit is opened, the primary action is to close all ofnenmatic valves to

shut off hydrogen flow into or out of the tanks, the main hydrogen manifold and the vent line.
This is done in two ways. Firstly, the main solenoid valve is closed which shuts off nitrogen
pressure to the solenoid manifold. Secondly, goww the individual solenoid valves is
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removed which closes any that are open. These two actions prevent nitrogen pressure from
reaching the pneumatic valves which are normally closed valves. Activating the shutdown by
any of the relays will also activatiee audible and visual alarms

4.8.3 Hydrogen Gas Detection

There are two hydrogen sensors installed inside the HyStEP trailer to monitor the hydrogen
level in %LEL. One is in the Gas Room and one is in the Utility Room as a redundancy as the
rooms are open toaeh other.The hydrogen sensor is attached to an explgsioof
enclosure where the transmitter and LED display are locatedtiReateadings of hydrogen

level can be read from the LED display through the glass front of the explmsioh
enclosure.

Each hydrogen sensor mrdwired to the ESD circuit to shut down the ESD circuit when
25% LEL is detected or if the probe in the Gas Room fails. It also provides analog signals of
the %LEL to the cDAQ controller.

48.4 Heat Detection

There are two heat detectonstalled inside the HyStEP trailer to monitor fire hazards. One
is in the Gas Room and one is in the Utility Room. The sensor is attached to an explosion
proof enclosure and activated when the sensor redch Bach heat detector is hasired to

the ESD circuit to shut dowthe ESD circuit.

4.9 CONTROLS & DATA ACQUISITION SYSTEM

The HyStEP Device data acquisition and control system uses chase National
Instruments® CompactDAQ (cDAQ) hardware housed in the Expldaioaf Enclosure.

Instrumentation © the HyStEP Device consists @sition switches,solenoid valves,
pressure switches, thermocoupl@sessure transducerand analog pressure gauges. The
temperature sensors and pressure transducers are all connected to the data acquisition system.

ThecDAQ can be connected to a network for data transfer or remote access in two ways. The
system includes an Ethernet switch and jack with a-GA&ble so that an external computer
can connect directly to the cDAQ local network.

The HyStEP Device control siem consists of the control software which is written using
National Instruments® LabVIEW to provide graphical user interface on the touchscreen
monitor mounted on the Operator Panel to perform three modes of operation: Fueling Test,
Defueling, and Purgin

49.1 cDAQ Alarm

Based on the FMECA and design reviews, a set of alarm conditions were defined that would
require action from the HyStEP Device safety system. A matrix of these alarms was
assembled that lists the sensor, the fault, the setpoint, the adtemdnd the conditions to
reset the alarm. This matrix was then implemented in the LabVIEW softwarehu®deed

and twentythree fault conditions are defined in this alarm matrix, although not all of them
produce alarm notifications and/or system shutdowor example, each pressure and
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temperature sensor has six fault conditions: high alarm, high warning, low warning, low
alarm, wiring fault 1, and wiring fault 2. For most of the sensors, only the high and low alarm
conditions produce an action otherriha warning message. The actions that can be taken
include a screen notification with or without requiring an acknowledgement, an Abort
command issued through the IrDA system, ESD circuit activation which closes all of the
pneumatic valves, audible alarmttimation, and visual alarm activation.

In addition to the warnings and alarms, there is a set of software safeguards that prevent the
tank valves from opening in an unsafe condition. The condition that these safeguards prevent
is opening one tank while eror more other tanks are open when the pressures in the tanks
are significantly different. The result would be a high flow of gas from the higher pressure
tank(s) to the lower pressure tank which could heat the lower pressure tank and cool the
higher presure tank(s) to temperatures that exceed the safety limits. These safeguards check
the pressures of each tank with respect to the other two tanks to determine if it is safe to open
the tank valve. If the difference in pressure to another open tank isrtiea a predefined
setpoint, the tank valve will not open. The default setpoint is 2 MPa.

Note: Refer to Alarm Matrix and Electrical Drawings for details in safety
wirings and alarm details .

4.10IrRDA SAE J2799 COMMUNICATION

The infrared communicationystem was developed by IRDI Systems. The system includes

an IrDA test signal generator with Modbus communication to the cDAQ CPU and an IrDA
transmitter t hat i s mounted next to the re
generator produces the appriate signal based on the SAE J2799 communication protocol

using input from the cDAQ. The signal is then sent to the transmitter which is a Class 1
Division 2 rated device. A receiver on the dispenser nozzle reads the transmitted signal
during fueling.

FIGURE 18 - IRDA GENERATOR (LEFT) & IRDA TRANSMITTER (RIGHT)
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TABLE 4-2 - IRDA MANUFACTURER SPECIFICATIONS

The IR transmitter takes RS232 input signal and converts into return to zero 12799 format. It transmits
the signal in J2799 infrared format.

Specification description Value Unit Remarks
Signal input
Format R5232 NRZ
Power input
Voltage (typ) 5 v
Voltage {min} 3.5 v
Current (typ) 140 mA
Current (peak) 200 mA
Absolute maximum
Power voltage in 16 v
Data voltage +/- 25 v
Signal output
Format 12799 Infrared
Peak wavelength 890 nm
Angle of transmit +/- 60 Degrees
Form factor Rectangular
Length 76 mim
Width 33 mm
Height 12 mim
Weight 60 4
Housing material Delrin or POM
Operation temperature -40 to 8OC
Ingress protection IP66
Certification None
Output ctor type DB 15M
Pin out 7 Gnd; 2 THD; 1 +5V
Summary Specification
Test Signal Generation
Communications Front end: SAE 12601 transmit
Back End: sensor input 4 X 0- 5V; 4 X 4 — 20mA
Power Supply: 5V —IR Transmitter
Test signal controller: 100 — 240VAC
Physical Packaging
Operating Temperature -10C —45C
4 X 0-5V sensor 3
TEST SIGNAL GENERATOR RS232 IR SIGNAL %
CONTROLLER TRANSMITTER
4 X 4—20mA sensor 3

T
€D,

FIGURE 19 - IRDA SYSTEM SCHEMATIC

The IrDA tab is used for many of the fault detection and communication tests. As shown in
Figure 20, this tab allows the operator to override the IrDA signathefly. When the
override button is activated tloperator can manually enter values for each of the IrDA data
fields which include the version number (VN), the receptacle type (RT), the tank volume
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(TV), the fueling command (FC), the measured tank pressure (MP), and the measured tank
temperature (MT). & general and communication fault tests, these values can be set to
values outside of the acceptable ranges to check that the dispenser does nanh fuel.
addtional feature of the IrDA tab is the corrupt buttonieTCRC Corrupt button will
introduce an moneousCyclic Redundancy Check (CRG}ring into the communications
signal to check that the dispenser responds correctly to this fault conditienCorrupt
buttons for each data field will send an invalid parameter for that specifi¢Ifiefalid asper

SAE J2799) Table4-3 shows a list of the invalid parameters that will be sent, sequentially
each time the corrupt button that specific data field is selected.

Waruel | 1zbetuet | Puge SaveOn @ 50 0w = oo

Tanki Tank2 Tanka  Vouk Seloction

1 [ P fdTe

TestDuration HIMM:SS 2

Comm. Mode

Avort

ot
r HJ D) W) Testome
>3 ¥ (% ) oF Kepposs
Process | Guaphs | Aams | WOA | Data | Heskth | fngincerng [

I SHUTDOWN

Measus Erae
EnableSAEOverride red i
/‘; D |[saeszn | 1D_Corrupt D) saE |
wn [orzo || vOovende T N w |[01.10 VN_Comupt (L), 01.10
¢ oms wr (D #1_overide [T R[50 || RTComupt U, RT |[H70
® ool woio0]]  mecorsr B TV [o0700]
v [ rcloya || Fecompt U Fc |[oma |
wp [000.0 || | meowrce TSI mp[0ss0 || MPcompt (D mp |[000.0 |
wr ([2936 || | Mr.ovense TSN Mt [0320 | MT_Comupt G, wr [2936 |
0
v0aviiteCyde(m) iy o ([6205 | — MTC[0205 .
p—
G NOSE 10/TV=0076.0[RT=HTOJFC ynall 0MT=2936/0pA ¥OA String

FIGURE 20 - TOUCHSCREEN CONTROL PANEL SHOWING THE IRDA TAB

TABLE 4-3 - LIST OF PREDETERMINED INVALID PARAMETERS

Data J2799 Tag Proper Data Valve (in-range) Predetermined Invalid Parameters

Protocol Identifier D= SAE, 2799 SAE_2799
SEA_2799
SAE 2979
SAE_ 2799
SAE _2799

Data Communications VN= 00.00-99.99
Software Version Number

100.0
99.9
#0.01
00.0
99.00

Tank Volume TV= 0000.0 -5000.0 6000.0
250.0

#250.0
3500.0

5000.1

Receptacle Type RT= H25, H35, H50, H70 H25
H35
H50
H70
h70

Fueling Command FC= Dyna, Stat, Halt, Abort Dynat
Boart
S-tat
Hal t
abort

Measured Pressure MP= 000.0-100.0 100.1
100 . (100.space)
#00.0
00.0

000.0

4251
15.9space
3#0.0
273.
290.0

Measured Temperature MT= 16.0-425.0

GRPONSIORONSORON2ORONSORON=2ORON2OTROND =

All parameters are to be sequentially cycled through (1, 2, 3, 4, 5,...)
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4.11FAILURE MODES, EFFECTS, CRITICALITY ANALYSIS

Safety was the foremost goal of the HyStEP Device design and a significant effort was put
into the safety analyses and the design and validation of the safety systems. Safety analyses
included a detailed Failure Modes Effects and Criticality Analysis (FMECA) as well as a
review of the design by the Hydrogen Safety Panel. The safety systagn tiasihe HyStEP

Device is built upon an extensive alarm matrix which defines the various alarm triggers,
responses and resets conditions. Significant alarms will trip the ESD circuit which puts the
system in a safe state. These alarms were extensigddyltand validated at Powertech and
during testing at NREL.

FMECA

A brief summary of the HyStEP Device FMECA will be provided here. A detailed report
including the FMECA worksheet can be found on the HyStEP website [13]. The FMECA
was carried out once thHeroject Team and Powertech had developed a detailed P&ID and a
comprehensive list of the system components, specifications, suppliers and part numbers. The
overall HyStEP Device design, including the P&ID, electrical diagrams and component lists,
was theranalyzed in a detailed FMECA facilitated by Intertek Consulting. The results of the
FMECA are summarized as follows:

7 functional blocks were analyzed

44 functions were defined

202 failure modes and effects were identified

Each effect was assigned severdgcurrence, and detection/prevention ratings
47 failure mode effects had severity of 9 or 10 indicating a safety hazard

20 failure mode effects had a Risk Priority Number (RPN = sevemtycurrence
detection) greater than 100

Too oo Too Too Too Too

Following the completin of the FMECA, Powertech and the Project Team addressed all
failure mode effects with RPN values > 100 and severity of 9 or 10. Actions were taken to
mitigate these risks through design changes, safeguards, and/or operating procedures.

4.12HYDROGEN TANK STRUCTURAL FRAME & MOUNTING

The tankmounting frame assembly shownkigure 21 safely secures and houses the high
pressure tanks, explosion proof box, operato
A2 0 s tnntoemoudting bracketsere used to securely hold the tanks to the steel
structural frame while the springs in the Canimco brackets allow for expansion of the
cylinder while pressurized (sdégure 22). The framewas designed to attach to the trailer

frame using 6 bolts. These portions of the trailer frame were further supported using steel box
tubing. The entire assembly was designed to withstand acceleration loads of 8g in each of the
principal directions. A firie element stress analysis (FEA) was performed on the frame as
modeled inFigure 23 to verify these loadsFEA analysis was conducted in a manner to
accommaodate certification of the trailer to DOT-E1.73.
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23 \ \
B ki N |

S
ERat

FIGURE 21 - HYDROGEN AND NITROGEN FRAME PRIOR TO TANK INSTALLATION (LEFT), AFTER
TANK INSTALLATION (RIGHT)

FIGURE 23 - STRUCTURAL FRAME USED IN F.EA.
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) CDAQ CONTROL SYSTEM

5.1 PROGRAMMABLE LOGIC CONTROLLER (CDAQ)

The HyStEP Device data acquisition and control system uses ehaseid National
Instruments® CompactDAQ (cDAQ) hardware. The system includes a CPU m@dlule
cDAQ 9132) onel6-channel aalog module (N19208), one dhannel thermocouple module
(N19213), one 3zZhannel digital input/output module (NI9375), and a 2BCVpower
supply (NI PS16). The cDAQ system is installethside the explosioproof electrical
enclosure in the Gas Roasshown inFigure24.

Note. Refer to the electrical drawings for layout and wiring details and
Bill of Materials for component details.

* IR comm signal
! generator

7, !m‘i -
: Power suplues~
& Solenoid valves .‘\\\

Intrinsically-safe
iring

RJ45 Ethernet
Ports (x2)

4 LED Status

9-30VDC Input

Power 40W
Power Button r i  — = a— m— F— Max
1:PORER 1234 T _m*((l_
o mm e [0l :
o) |Ed- |5 5
i it e 2
e %@
RESET Butt 3z 2 _ 0= go:
utton [| EE g}
2 |z =~
O [
©
USB Ports (x2) [=]
T USB 2.0 ©
N— SD Card Slot i (max
Mini DisplayPort i 2560 x 32GB) SD/SDHC
1600 at 60 Hz Chasis ground standards
RS-232 Port: Max FIGURE 24 - EXPLOSION-PROOF ENCLOSURE LAYOUT (ABOVE) & CDAQ CONTROLLER
115,200 bps CONNECTION DETAILS (BELOW)
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Below is a summary of the generglevatingstorageconditionsand operators shall refer to
the complete manufacturer specifications and user mafuatsther operating conditions,
safety, and hazards fattp://www.ni.com

Note: Bolts on the explosion proof enclosure are to be torqued to 65

ft. -

Q s
TABLE 5-1 - cDAQ OPERATING CONDITIONS
NI cDAQ NI 9208 NI 9213 NI 9375 NI PS16
9132
Operating -20 to 55°C -40 to 70°C -40 to 70°C -40 to 70°C -25t0 70
Environmental °C
Conditions 10 to 90% RH,| 10 to 95% RH,| 10 to 95% RH,| 10 to 95% RH,
noncondensing noncondensing noncondensing noncondensing
Storage -40 to 85°C -40 to 85°C -40 to 85°C -40 to 85°C n/a
Environmental
Conditions 5t095% RH, | 5t0 95% RH, | 5to 95% RH, | 5to 95% RH,
noncondensing noncondensing noncondensing noncondensing
Maximum 5,000 m 2,000 m 2,000 m 2,000 m n/a
Altitude
Operating Randoni 5 Randoni 5 Randoni 5 Randoni 5 n/a
Vibration Oms 10 tO Oms 10 tO Oms 10 tO Oms 10 tO
500Hz 500Hz 500Hz 500Hz
Sinusoidali 6 | Sinusoidali 5 | Sinusoidali 5 | Sinusoidali 5 g,
g, 10 to 500 g, 10 to 500 g, 10 to 500 10 to 500 Hz
Hz Hz Hz
Operating Shock 30 g, 11ms 309,11 ms 309,11 ms 30 g, 11 ms half| n/a
half time, 50 g,| half time, 50 g, half time, 50 g,| time, 50 g, 3 ms
3 ms half time,| 3 ms half time,| 3 ms half time,| half time,18
18 shocks at 6| 18 shocks at 6| 18 shocks at 6| shocks at 6
orientations orientations orientations orientations
Hazardous Class |, Class |, Class |, Class I, Division| n/a
Locations (UL) | Division 2, Division 2, Division 2, 2, Groups A, B,
Groups A, B, | Groups A, B, | Groups A, B, | C, D, T4: Class
C, D, T4: C, D, T4: C, D, T4: I, Zone 2, AEXx
Class I, Zone | Class |, Zone | Clas |, Zone | nAIIC T4
2, AEXnAIIC | 2, AEXnAIIC | 2, AEXnAIlIC
T4 T4 T4
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Note. The cDAQ system will start automatically when the trailer is
connected to 120VAC electrical power (refer to cDAQ Touchscreen
Operation for in  terfacing with cDAQ).

The cDAQ features 4 LEDs POWER, STATUS, USER1, and USER2 and the table
below lists the LEDs and status indications.

TABLE 5-2 - CDAQ LED STATUS INDICATIONS

LED
LED Color LED State Indication
POWER Green Solid The cDAQ controller 1s powered from the V1 input.
Yellow Solid The cDAQ controller 1s powered from the V2 input.
— Off The controller 15 not powered.

STATUS Yellow 2 flashes The controller has detected an error in 1ts software. This
every few usually occurs when an attempt to upgrade the software is
seconds mterrupted. Refer to the Measurement & Automation

Explorer Help for information about installing software on
the controller.
3 flashes The controller is in safe mode. Refer to the Measurement &
every few Automation Explorer Help for information about safe mode.
seconds
4 flashes The software has crashed twice without rebooting or cycling
every few power between crashes. This usually occurs when the
seconds controller runs out of memory. Review your RT VI and
check the memory usage. Modify the VI as necessary to
solve the memory usage issue.
Continuously | The controller either booted mto an unsupported operating
flashing system, was interrupted during the boot process, or detected
an unrecoverable software error.
Solid The controller is booting up.
Red Continuously | An mternal power supply has failed. Check front-panel /'O
flashing and C Series module connections for shorts. Remove any
shorts and power cycle the controller. If the problem
persists. contact National Instruments.
— Off Normal operation.
USERI, Green/ — USER LEDs are controlled directly from your application.
USER2 yellow You can define the USER1 and USER2 LEDs to meet the
needs of your application. You can use the system hardware
property node from the NI System Configuration API to
write a state to the USER LEDs.
(NI cDAQ-9132/9133/9134/9135 for LabVIEW
Real-TIme) You can also define a USER. LED in LabVIEW
Real-Time by using the RT LEDs VI. For more information
about the RT LEDs VL refer to the LabVIET Help.
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5.2 HUMAN-MACHINE INTERFACES (HMI)

The control software for the HyStEP Device was developed using LabVIEW. National
Instruments hardware and software were chosen for their ease of integration, widespread
availability and use, and ease of modification. The graphical user intesfiaiob, is accessed

via the touchscreen panel, consists of a series of screens that allow the user to carry out fault
detection, communications, and fill tests as defined in CSA HGVHgBIre 25 shows the
touchscren panel mounted on the Operator Panel Rigdre 26 shows the back of the
touchscreen panel and its connections & buttons.

3

HYDROGEN STATION EQUIPMENT PERFORMANCE
DEVICE (HyStEP)

DEFUEL PRESSURE

()

DEFUEL
REGULATOR
n

|

Control buttons

Video-In (VGA)

Electrical Power

USB Touch

FIGURE 26 - BACK OF THE TOUCHSCREEN PANEL FROM THE GAS ROOM

Note: Refer to the electrical drawings for layout and wiring details and
Bill of Materials for component details.
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5.3 NETWORKING & REMOTE ACCESS

The cDAQ can be connected to@twork for data transfer or remote access in two ways. The
system includes an Ethernet switéhiglre27) and a CAT5 jack (sed-igure28) so that an
external computer caconnect directly to the cDAQ local network. This allows for data
transfer to a laptop in the field, for instance. In addition, a cellular modem and antenna are
also connected to the Ethernet switch. The cellular modem provides for a wireless internet
comection for remote access.

Cellular Modem

Ethernet Switch

FIGURE 27 -ETHERNET SWITCH AND CELLULAR MODEM

To access the HyStEP local area network, connect the laptop computer to tHejarkTin
the Utility Room via a straigkthru CAT-5 cable as shown iRigure28.

Remove the
cap and
connect the
Cat-5 straight-
thru cable

Class 1 Div 2
CAT-5 Jack

FIGURE 28 -CAT-5 JACK TO CONNECT TO THE HYSTEP LOCAL AREA NETWORK

Open the ANetworko view in Windows to | ook f
is the cDAQ Contriber as shown irFigure29.
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i A A

“»! giem:

FIGURE 29 - WINDOWS NETWORK VIEW WHEN CONNECTED TO HYSTEP LAN

| f unable to see the HYStEP computer AH2 T
network, hunch the Whdows Command Prompin the command prompt, y pe fA Pi ng
192.168.8B . 1 and press Enteo see if your laptop can see the cDAQ computeo, open

a Windows Explorer and typ&l92.168.13.10(n the addresbar to see the data folders.

B Administrater: Command Prompt \
Microsoft Windows [Version 6.1.76811

[Copyright <c> 2@A% Hicrosoft Corporation. All rights reserved.
M:\>ping 192.168.13.1608

Type \\192.168.13.100
2 and press Enter.

Search active directory  Network and Sharing Center  View remote printers. - A @

I =[] [ Networs » LaumLan

Organize +

| 43 | Searen LQUINLAN

Sy
& Autodesk 360

€ Network

P L 0 items

FIGURE 30 - WINDOWS COMMAND PROMPT (ABOVE) & WINDOWS EXPLORER (BELOW)
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5.4 OPERATOR CONTROL PANEL

As shown inFigure 31, the Operator Panel located on theéesof the trailer consists of the

AV alarm, Silence Button, HMI touchscreen, ESD Button, hydrogen receptacle, IrDA
transmitter, and a simplified schematic of the hydrogen system fitted with pressure gauges,
valve, and pressure regulator.

Tank 1, 2, 3 Silence Button
Pressure Gauges
\ AV Alarm
Defuel Valve /f
Defuel Pressure HMI
Gauge Touchscreen
Defuel Pressure
ESD Button
Regulator
Receptacle
Receptacle & Pressure
IrDA Transmitter Gauge

FIGURE 31 - OPERATOR PANEL
5.5 NITROGEN PURGE & PNEUMATIC CONTROL PANEL
The nitrogen purge and pneumatic control panel can be assessed from the back of the trailer.

It diverts nitrogen supply to two stdystems: Purge and Instrument GohtFigure32 shows
the control panel layout and its control components.

Purge Flow
Control Valve

FIGURE 32 - NITROGEN PURGE & INSTRUMENT CONTROL PANEL LAYOUT
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5.6 PNEUMATIC VALVE OVERRIDE PANEL

The opeatorbypass valve override is located inside a lockable box by the Explpsion
enclosure as shown Figure 33. It allows the operator to manually override the pneumatic
valves to eithernnind@dwlly. or Cl oseod0 positio

Caution. cDAQ will no longer be able to control the pneumatic valves
when the 3-way valve is turned to positio
override is provided for the operator to bring the HyStEP to safe
conditions when components fail  such as solenoid valves or cDAQ digital
output module. For example, cDAQ is not able to defuel the tanks due to

failed solenoid valves. Then the operator can override the corresponding
valves to either o0open or closed po:s
manner.

The 3way valve is located upstream of the cDAQ solenoid valve that sends nitrogen to the

solenoid valve, to the pneumatic valve directly, or to sliiaccording to its position as
shown inFigure32.

When the valve handle is pointing

Upwards it is the default ANormal 6 position t
Rightt it is the fAClosedo position that the pi
Downi t is the fAOpend posi tiremin bperads longhag pneu

nitrogen supply is available.

Caution:. Only trained & experienced personnel shall use this override.
The box shall remain locked at all time.

Caution. Check the system pressure before overriding valves. Do not
open valves if pressure differential between tanks greater than 2 MPa  or
not known.

Normal i
default
position
where the
handle is
pointing

Open

TANK1  TANK2  TANK3

FIGURE 33 - INSTRUMENT VALVE OVERRIDE PANEL LOCATION (RIGHT) & INSIDE LAYOUT (LEFT)
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6.1.1

SETTING UP THE HYSTEP

ARRIVING ONSITE

Upon arriving orsite to anew station, the operator should evaluate the site suitability and
safety by following the steps below:

1.

Identify the locations of the hydrogen dispenser to be tested and check the
surrounding for clearance

Evaluate the site for the safest location fdtisg up the remote vent stack.
Use traffic cones to secure the areas.

Locate your 120VAC electrical poweutlet @ total length of 80 featlectricalcord)
and at | east 1506 away from trailer

Locate your grounding point
Check the nitrogen supply
If all of the above is satisfied, proceed to the next section; otherwise, do not operate

the HyStEP and contact the dispenser owner for resolutions and/or further
instructions.

This will help determine the area that will need to be closed off and optimize taite.on

FIGURE 34 - HYSTEP DEVICE ARRIVING AT FUELING STATION

Positioning the Trailer

When pulling up to a station ensure that:

1. Thereis enough room to open operator dast@or without hitting anything

2. Check that the receptacle ide the operator panel is close enough to the dispenser

for the nozzle to reach. Since the receptacle is on the left hand side of the panel, it is
better to have the panel door slightly back from the dispenser so the hose is not in the
way while using theperator panel.
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3. Ensure the grounding cable can reach a grounding point

4. Check thathe electrical cable can reach an electrical outlet that is located ooftside
the stations hazardous area

5. Make sure that there is a safe location for venting gas withfedi®of the back end
of the trailer A safe location for venting gas requires:

a. No ignition sources or unclassified electrical equipment within 15 feet of the
remote vent stack outlet (see drawing®174202-01 for more detail)

b. No canopy or object that clsitrap gas above the vent outlet within the
hazardous area

c. Vent stack is not located in a high traffic area as area around the stack will
have to beconedoff from general public.

FIGURE 35 - POSITIONING TRAILER AT A STATION

6.1.2 Securing the Trailer

Once the trailer is positioned in front of the dispenser, it must be secured to prevent motion.
This is done by:

1. Place wheel chocks on both sides of tires to prevent wheels from rolling

FIGURE 36 - WHEEL CHOCKS
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2. Lower supports on rear end of trailer

FIGURE 37 - LOWERING TRAILER SUPPORT

3. Disconnect the electrical plug on the trailer from the plug on the tow vehicle

FIGURE 38 - REMOVE TRAILER ELECTRICAL CONNECTION FROM TOW VEHICLE

Caution. Trailers 12VDC electrical is not rated for Class 1 Div. 2
locations, ensure electrical connection is unplugged from the tow vehicle
prior to testing

4. If desired, unhitch trailer by:
a. Disconnecting safety chains and emergdmake cable

b. Remove the coupler locking device (pin) and release the cdopléng
device (raise the lever)

c. Use the jack to raise the coupler high enough for the hitch ball to slip beneath
(seeFigure 39)

FIGURE 39 - USING THE JACK TO UNHITCH THE TRAILER
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d. Verify that the trailer is free from the tow vehicle
e. Drive the tow vehicle forward, away from the device
f. Lower the jack until the trailer is level

5. Open the rear doors of the trailer datth them open

Caution. Rear doors of trailer must remain open throughout testing to
ensure proper ventilation of gas room. Doors are monitored by cDAQ
and alarmed if doors are closed.

Danger. Doors may swing violently in the wind. Make sure to secure
@ doors.

6.1.3 Grounding the Trailer

Locate the grounding point esite. Connect the grounding cable from this to the trailer. The
trailer has 2 grounding points, one forward
door by the nitroge rack (sed-igure40). The grounding cable can be connected to either of
these pointsGrounding cables located inside the utility room can be joined together to reach

the desired length.

FIGURE 40 - TRAILER GROUNDING POINTS

6.1.4 Pre-Startup Checklist

Before connecting electrical extension cord to the 120VAC power sdaheceperator shall
perform the pe-startupchecklist below.

Tow trailer to dispenser

Put wheel chocks on either side diieels

Lower trailer supports at rear

Disconnect trailer electrical cable from the tow vehicles electrical plug
Unhitch trailer (if desired)

arwbdeE
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6. Open rear doors and latch open
7. Connect grounding cable to site ground
8. Connect other end of grounding cable to traiteone of the 2 grounding points provided

6.2 SITE PREPARATION

6.2.1 Remote Vent Stack
The remote vent stack is to be setup in a safe location using the following procedure:
1. Close off venting area using traffic cor(eseFigure55)
2. Remove the vent stack sections from the trailer and put them igotiexd aredor

assembly Al so bring the 2 wrenches | abeled fAVe
the tool chest.

Section 1
Section 2 and 3 (base)
(interchangeable)
Section 4

"FIGURE 41 - VENT STACK SECTIONS
3. Setup section 1, the vent stack base by:
a. Loosening the red and silver nut on vent stack tubing
b. Slide the tubing down using light taps from the mafletmake sure the bottom
does not hit the ground when the legs are pull out in Step c)

c. Pull the legs bthe tripod outuntil the supports are parallel with the ground (see
Figure42right)

Silver nut

Red nut

Supports
Parallel With
Ground

FIGURE 42 - VENT STACK SETUP: STANDING UP TRIPOD (LEFT) & LEGS FULLY OUT (RIGHT)

d. Adjustthe tubing so the bottom just above the ground
e. Tighten nut on bottom of tripod
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L i PR
FIGURE 43 - VENT STACK SETUP: TIGHTENING NUT ON BOTTOM OF TRIPOD

f. Put sandbags on the base (seiGe6.2.6
g. Tighten the red and silver nut to set the position

FIGURE 44 - VT TACK SU IHTENING THE RED & SILVER NUT

4. Connect tubing sect i onsngthevaench ar®l mét providedi g h t
in the Tool Chest

Note: The mat is to protect the tubing, nut, and ferrule from physi cal
damage against hard surface (not shown in photos)

FIGURE 45 - VENT STACK SETUP: CONNECTING SECTION 2AND 3
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5. Connect sections 3 & 4 of the vent stack in the same manner

g

FIGURE 46 - VENT STACK SETUP: CONNECT INGSECT IONS 3 AND 4

6. Lift sections 2,3, and 4 so it is oriented vertically

FIGURE 47 - VENT STACK SETUP: LIFTING SECT ION 2,3 & 4 ONTO SECTION 1

7. Lift sections 2, 3, & 4 onto section 1 and tighten connection using wrench

FIGURE 48 - VENT STACK SETP: CONNECTING SECTIONS 1 & 2 USING WRENCH

8. Close off areavhere vent hose is to be run, using traffic cones

9. Place cable trays on the ground for the desired hose run

10. Run the vent hose to desired venting location and place inside cable tPays.
particular attention to the coupling in the middle of the hose and msure it is
protected by the cable tray(seeFigure 53 and Figure 54)

11. Connecthe venthose to quick connect on the bottom of the vent stack

12. Connecthevent hose to the gk conneclocated by the nitrogen cylinder rack
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VENT STACK (RIGHT)

Caution: The vent hose MUST be properly connected to the vents  tack
before its other end is connected to the trailer

Caution:. The defuel valve located on the Operator Panel MUST be fully
closed prior to the connection.

Caution: Take care not to damage the quick connects on either end of
the hose while setting up , inspect fitting for damage before each use

i i Caution:. Check the connection to ensure its properly connected

13. Place sandbags on base of vent stackKgpae56)

14. Place sandbags on the hose justore the connection point on both ends of hose (see
Figure56)

15. Vent stack is now ready to use

Danger: Make sure there is a sandbag on each end of the vent hose to
‘@‘ prevent hose whip in the event of  a connection failure or release

6.2.2 Trailer TPRD and Nitrogen System Vent Stacks

Check that caps are on vent stack. If one has beerrdést,to the maintenance section of
this manual for further proceduré&dpares can be found in tteol chest.
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FIGURE 50 - VENT STACK CAPS
6.2.3 Nitrogen Source

Nitrogen must be supplied to the system for purging and to run the pneumatic control system.

The HyStEP device has a rack that can store two nitrogen T or K cylinders. This can either be
delivered to site or transported within the trailer. Another option is to use a nitrogen bulk

pack delivered to sit@.here is a short hose nitrogen hose that can be used if the cylinders are
mounted inside the trailer or a long hose if the cylinders are lefideuthe doorsrigure51

shows the nitrogen rack with 2 AK cylindersbo

Caution. Nitrogen hose hasa minimum bend radi.us of 46

Caution:. Always check that the connection on both ends of th e nitrogen
hose are tight and bleed valve is fully closed prior to opening nitrogen
cylinder .

FIGURE 51 - NITROGEN RACK
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6.2.3.1 Cylinder Installation/Removal

In order to install hydrogen cylinders, the foliog procedures should be followed:
1. Place nitrogen cylinder into the back of the trailer

Note: Nitrogen cylinders should be installed in the forward bracket
@ before it is installed into the bracket located farther back in the trailer.
2. Open the top brackdéy removing the screw on the joint
3. Remove the strap from the ratchet on the bottom bracket
4. Pl ace the cylinder into position inside t
5. Wrap the ratchet strap around the cylinder on the bottom bracket
6. Tighten the strap around thelicgler using the ratchet.Ais will locate it within the

top bracketas well
7. Close the top bracket and secure by tightening the bolt
8. Repeat steps-1 for the second cylinder
For cylinder removal follow these procedures in the reverse order.

6.2.4 Hose & Cable Trays

The hydrogen vent hose, electrical cord, and ground cord must be proteetedliie tray in
any area with vehicle traffic or where it could pose a tripping hazzalile trgs are stored
inside the utility room and can lw®nnected togethéo makea long line (sed€igure52 and
Figure53).

The hydrogen vent hose is stored in the utility room along with the electrical cable. When
setting up the vent hose pay particuddtention to ensure that the coupling in the middle of
the hose is protected (segure54).

FIGURE 52 - USING CABLE TRAYS TO PROTECT VENT HOSE FROM VEHICLE TRAFFIC
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FIGURE 54 - HYDROGEN VENT HOUSE COUPLER MUST BE PROTECTED INSIDE A CABLE TRAY

6.2.5 Cones

Safety cones are provided to identify the area around the vent stack, so drivers and
pedestrians avdithe area. Cones should be used to close off the area that venting occurs in
and any other areas around the trailer that must be closed for public.

Copyright © 2015. Powertech Labs Inc. All rights reserved. Page 52



Powertech o HyStEP Device User Manual - Setting up the HyStEP

FIGURE 55 - SAFETY CONES AROUND VENTING SYSTEM
6.2.6 Sand Bags

Sand bagsre providedo weigh down the base of the vent stack. It is recommended to place
6 sandbags on the vent stack base and one on each ends of the Heigansge.

Danger: Make sure there is a sandbag on each  end of the vent hose to
‘@l prevent hose whip inth e event of a connection failure or release

FIGURE 56 - SIX SANDBAGS ON VENT STACK BASE AND ONE ON HOSE END
6.3 EQUIPMENT PREPARATION
6.3.1 Preparing Pneumatic Control System
To prepare theneumatic control system for ygellow the steps below:

1. Ensure the Nitrogen Purged Instrument valves and regulators are closed
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2. Connect nitrogen hose to the nitrogen inlet

Caution. Nitrogen tank  MUST be below 3,000 psig, check prior to
connecting .

3. Connect the Nitrogen tank to the hose using the wrench provided
4. Open the Nitrogen Tank Valve slightly, closedhd thenopen the nitrogen bleed valve to
purge the hose. Repeat 3 times (Segrre 57)

FIGURE 57 - OPEN NITROGEN TANK VALVE (LEFT), NITROGEN BLEED VALVE (RIGHT)

5. Check that the nitrogen bleed valve is closed and open the tank valve
6. Adjust the Instrument N2 Regulator to a pressure of 95psHigeee58)

PURGE VALVE
|

S
- ¢ N 4
0 e

SbrrLY VALVE

INSTRUMENT PRESSURE

FIGURE 58 — ADJUSTING INSTRUMENT REGULATOR TO 95 PSIG

7. Open the Instrument N2 Supply Valve ($égure59)

Copyright © 2015. Powertech Labs Inc. All rights reserved. Page 54



Powertech @ HyStEP Device User Manual - Setting up the HyStEP

PURGE VALVE
N

PURGE FLOW ) \* - } /

FIGURE 59 — OPENING INSTRUMENT N2 SUPPLY VALVE

8. Check thahitrogen pressure is still at 95psi, if not adjust regulator

Note: If pressure exceeds 95 psi, a pneumatic valve will have to be
cycled to drop the pressure (regulator is not self -venting) .

Caution:. Nitrogen pneumatic

at 125 psi .

supply monitored by a safety relief valve

9. Instrument nitrogen system is now ready to use

6.3.2 Checking Manually Controlled Valves

Before using the device it is important to check that the manual valves are in the correct

position. All the valvesiwould be in the positions shownTiable6-1.

TABLE 6-1 - VALVE POSITIONS PRIOR TO START-UP

Valve/Regulator

Position

Purge Regulator

Closed Counterclockwise to clos)

Purge Valve

Closed perpendicular tdine)

Purge Flow Control Valve

Closed Clockwise to close

Tank 1 Isolation Valve (NV 3)

Open Clockwise to close

Tank 2 Isolation Valve (NV 4)

Open Clockwise to close

Tank 3 Isolation Valve (NV 5)

Open Clockwise to closg

Defuel Valve

Closed (Clockwise to close)

Defuel Regulator

Closed Counterclockwise to close
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6.3.3

6.3.4

©oNoGO DN

[EEN
o

11.
12.
13.
14.
15.

16.

Prior to Power-Up

Before connecting the HyStEP device to electrical power, or conducting any test, the operator
shall make sure the followirgieps are complete.

Tow trailer to dispenser

Put wheel chocks on either side of wheels

Lower trailer supports at rear

Connect grounding cable to site ground

Connect other end of grounding cable to trailer at one of the 2 grounding points provided
Open readoors and latch open

Install nitrogen cylinder (if required)

Ensure the Nitrogen Purge and Instrument valves and regulators are closed

Connect the Nitrogen tank to the hose

. Open the Nitrogen Tank Valve slightly, close it then open the nitrogen bleedtoghuege

the hose. Repeat 3 times

Check that the nitrogen bleed valve is closed and open the tank valve

Adjust the Instrument N2 Regulator to a pressure of 95psi

Open the Instrument N2 Supply Valve

Check that nitrogen pressure is still at 95psi, if ngustdegulator

Check that needle valves on Hydrogen Tanks are fully open and that all valves are in the
correct position (se€able6-1)

HyStEP Device is now ready to power up

Electrical Power

Before removing thelectrical cord from the trailer, locate a 120V/15A electrical outlet that
is located outside of the hazardous arefh. ffom the dispenser as per NFPA 2 orftL5rom

the HyStEP device as per NFPA 70). Once an outlet has been located, place catievnays

on the ground in locations where the cord will have vehicle traffic or where it could pose a
tripping hazard.

The electrical cord is stored in the utility room, coiled on a hook. When in use it is run
through an electrical pasisru to the right sid of the door (se€igure 60). Pull the cable
through the opening, and run it to the electrical outlet, placing it in the cable tray as required.

Immediately, once the cord is plugged in, the HyStEP device wilbpaip. The cDAQ will
start up, and lights will turn on. The visual alarm will flash until the HyStEP LabVIEW
program has fully loaded.
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FIGURE 60 - ELECTRICAL CORD STOWED (LEFT), ELECTRICAL BULKHEAD (RIGHT)
6.3.5 Logging On to HMI

Onee electrical power is supplied to the trailer, the cDAQ will automatically turn on and the
Windows logon screen will be seen on the touchscreen.

6.3.6 Checking System Alarms & Parameters

Typically when the system starts up, an alanay be presenfhese carbe acknowledged by
selecting the alarm tab on the HMI device. This will show a list of the alarms that are present
or have been present since the system has start&gigoto Section7.37 cDAQ Alarmsfor

more details.
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7 CDAQ TOUCHSCREEN OPERATION

The cDAQtouchscreen HumaMachine Interface (HMI) is mounted on the Operator Panel
covered by a lockable panel (degure 61 below). The cDAQ touchscreen is connected to
the cDAQ controller mindisplay port with USB toch interface. A USB wireless
keyboard/mouse pad combo is installes] an addition user interface to the cDAQ. The
wireless keyboard/mouse pad combo is stored in the tool chest.

The cDAQ touchscreen HMI runs on Windows 7 with an embedded National Inste®nent
LabVIEW Developed application. The cDAQ touchscreen HMI is used to configure the
HyStEP for fueling tests, to display/handle alarms, to troubleshoot, to adjust inputs/outputs,
and to display/download data captured from tests.

This section provides déld instructions on how to login, how to navigate, and how to
operate the HyStEP device via the cDAQ touchscreen HMI.

FIGURE -C (@) C PANEL

7.1 HMI MAIN DISPLAY

Unlock and open the panel as showrigure 61 to access the touchscreen HMI. When the
trailer is connected to 120V power, ttebAQ and HMI touchscreenwill boot up
automatically.

7.1.1 Start-up & Login

After the trailer is powered up, Windows login screen will displayttee screen. Operators
can use the oacreen keyboard or the keyboard/mouse combo to enter user name and
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