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Disclaimer 

This manual incorporates safety guidelines and recommendations; however, it is not intended 

that this manual cover all situations. It is the customerôs responsibility to meet all local safety 

requirements and to ensure safety during operation and maintenance of the Hydrogen Station 

Equipment Performance (HyStEP) Device 

 

Powertech Labs Inc. will not be liable for damages incurred or caused by the user of the 

HyStEP Device.  

 

Although all efforts have been made to ensure the accuracy and completeness of the 

information contained in this document, Powertech Labs reserves the right to change the 

information at any time and assumes no liability for its accuracy. 

 

Copyright Declaration 

Copyright © 2015. Powertech Labs Inc. All rights reserved. 
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Trademark Declarations 

TM
 is a trademark of Powertech Labs Inc. 

®
 is a registered trademark of Powertech Labs Inc. 

 

Customer Service 

For all customer service inquiries, please contact: 

 

 Powertech Labs Inc. 

 12388 ï 88
th
 Avenue, Surrey, British Columbia, Canada, V3W 7R7 

 http://www.powertechlabs.com 

 Office: +1 (604) 590-7500 

 Fax: +1 (604) 590-6611 

 

Errors and Omissions 

Please report errors and omissions from this manual to Powertech Labs Inc. 

 

 Gas Systems Engineering, Powertech Labs Inc. 

 12388 ï 88
th
 Avenue, Surrey, British Columbia, Canada, V3W 7R7 

 http://www.powertechlabs.com 

 Office: +1 (604) 590-7500 

 Fax: +1 (604) 590-6611 

 

 

http://www.powertechlabs.com/
http://www.powertechlabs.com/
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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. The device includes 

three Type IV 70 MPa tanks capable of storing a total of 9 kg H2 that are instrumented with 

pressure and temperature sensors. The tanks are connected to a 70 MPa receptacle equipped 

with pressure and temperature sensors as well as infrared communications integrated with a 

data acquisition, analysis, and control system. The HyStEP Device is capable of performing 

tests defined in the test method standard CSA HGV 4.3 to ensure that hydrogen stations meet 

the fueling protocol standard SAE J2601-2014. These include IrDA communication tests, 

fault detection tests, and communication and non-communication fills. 

This manual contains operational procedures, equipment specifications, & safety information. 

To help ensure safe and trouble-free 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 without obligation. 
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1.1 HOW TO USE THIS MANUAL 

This manual is only applicable to the HyStEP device with Model # HYSTEP-120-1 and serial 

number: 1000-15. Keep this manual in the tool chest in the Utility Room as a handy reference 

for the safe and proper use of the equipment. 

Illustrations, 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, and operating 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 available during training because 

some of the operations are best learned in front of the equipment. 

The following symbols are used throughout this manual to highlight instructions, safety-

critical information and other key information: 

: Provides important notes and  useful information.  

: 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.  

: Provides information on potential danger s related to equipment 

conditions as well as health and safety. Failed to observe and follow the 

information may resu lt in equipment failure, injury , and/or fatalities to 

people around the device.  

 

 

 

 

 

 

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

Glance 
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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. Review Figure 1 to Figure 3 to familiarize yourself with the equipment 

location and orientation of the HyStEP device. 
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1.3 ESSENTIAL SAFETY EQUIPMENT 

The HystEP device is equipped with a number of safety features to mitigate the risks 

associated with handling compressed hydrogen. The operator shall carefully read all sections 

related to hydrogen and equipment safety.  

Gas Detection ï there are two (2) hydrogen sensors installed to detect the hydrogen level 

[%LEL] inside the trailer. 

Heat Detector ï there are two (2) heat sensors installed to detect fire hazards inside the 

trailer. 

Pressure Relief Device (PRD) ï a rupture disc pressure relief device is installed in the 

nitrogen purge system to prevent over-pressurization. Also, there is a spring-loaded self-

reseating safety relief valve at the nitrogen pneumatic supply line. 

Thermally -activated Pressure Relief Device (TPRD) ï each hydrogen tank is fitted 

with a thermally-activated pressure relief device to release all the gas inside the tank 

under high temperature (activated at about 110
o
C). 

Intrin sic Safety (IS) Barrier ï 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 ï a number of explosion-proof enclosures are used in 

HyStEP to house electrical components, devices, and connections in hazardous locations 

where energy limitation technique is not possible. 
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Ventilation ï to minimize risk of hydrogen accumulation when leaks occurs, there is a 

manual roof vent along with the back door monitoring to provide natural ventilation 

when HyStEP is in use. 

Sandbags ï stored in the Utility Room and used to weigh down remote vent stack at the 

base to increase the stability of the 17ô 9ò high structure. 

Wheel Chocks ï stored in the Utility Room are provided to secure the trailer when 

detached from the towing vehicle. 

Traffic  Cones ï 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 Trays ï 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  ï the automation & data acquisition system (cDAQ) is 

equipped 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 hazardous conditions 

and to reduce the risk of injury, it is the responsibility of the HyStEP operator to 

constantly look out for hazardous conditions and to immediately address such 

hazardous conditions in a safe manner. Below is a list of potential hazardous conditions to 

assist the operator to identify them and to look out for any other hazards: 

¶ Personnel injury hazard, fire hazard, or knock-over hazard if the remote vent stack is 

located at suboptimal locations such as high traffic areas. 

¶ Fire or explosion hazard if the explosion-proof enclosures are not closed when 

hydrogen is present in the system and leaks occur. 

¶ High level of hydrogen accumulated inside the trailer if the trailer doors and roof 

vent are closed during operation when hydrogen is present in the system and leaks 

occur. 

¶ 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 electrical cord is connected to Non-GFCI outlet when 

used outdoors. 

¶ 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 remote vent stacks  

¶ Hose whip hazard if sandbags are not used at the hose ends and connections. 
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¶ Tripping hazard and physical damages if cable trays are not used to protect electrical 

cords or gas hoses on the ground. 

1.5 IN CASE OF EMERGENCY 

Before operating the HyStEP device, 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 the system plumbing, immediately shut down the system by pressing 

the ESD button on the Operator Panel.  Ensure that no sources of ignition are introduced and 

allow the hydrogen gas to remain in the isolated portion of the system to vent to atmosphere. 

When the gas has vented sufficiently, purge the affected system components and replace or 

repair the leaking component. 

If an unstoppable leak is detected from a cylinder, allow the hydrogen gas to vent to 

atmosphere. Completely venting the hydrogen gas out of an entire cylinder through a small 

leak may take a long time and could create a dangerous concentration of hydrogen gas. 

Therefore, purging the cylinder may be necessary. 

1.5.2 Exposure to Fire 

If the trailer is exposed to sufficient 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 having a dangerous increase in pressure due to the added heat energy from the fire. 

All the cylinders are equipped with thermally activated pressure relief devices (TPRD). The 

TPRDs, when activated by high temperature, release the cylinder contents into the vent stack. 

Each stack should be opened bi-annually 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 components is 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. 

 12388 ï 88
th
 Avenue, Surrey, British Columbia, Canada, V3W 7R7 

 http://www.powertechlabs.com 

 Office: +1 (604) 590-7500 

 Fax: +1 (604) 590-6611 

http://www.powertechlabs.com/
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2 IMPORTANT SAFETY INFORMATION 

2.1 HYDROGEN SAFETY 

All fuels, including hydrogen, are dangerous because they are chemically reactive. It is this 

reactivity which makes fuels excellent sources of energy. Hydrogen is not inherently more 

dangerous than any other fuel, such as natural gas or gasoline, but its properties are unique 

and it must be handled with appropriate care. Hydrogen leaks form the basis of all gaseous 

hydrogen hazards; without 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 of gaseous 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, and non-metal seals 

such as gaskets, O-rings, 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 results in very high 

buoyancy and diffusivity, so leaked hydrogen rises and becomes diluted quickly, especially 

outdoors. This results in a highly localized region of flammability that disperses quickly. 

Ambient wind or other motion further speeds dispersion, thus reducing 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 non-metallic components. Stainless steel components are not susceptible to hydrogen 

embrittlement, which 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 designed for hydrogen 

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 allowed to enter 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 will 

support a self-propagating 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 a self-propagating 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 burn when ignited.  



 -         

 

Copyright © 2015. Powertech Labs Inc. All rights reserved.  Page 8 
 

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 air in sufficient proportions.  

Hydrogen is flammable over a wide range of concentrations in air (4 ï 75%) and it is 

explosive over a wide range of concentrations (15 ï 59%) at standard atmospheric 

temperature. As a result, even small leaks of hydrogen have the potential 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 electro-conductivity so 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 500 °C (932 °F). This 

is the auto ignition temperature of hydrogen, and is the minimum temperature required to 

initiate self-sustained combustion in a combustible fuel mixture in the absence of a source of 

ignition.  

Hydrogen flames are very pale blue and are almost invisible 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 visible by way of emanating ñheat ripplesò and thermal radiation, particularly from 

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 are safer 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 hydrogen mixes with air at sufficient concentrations. Hydrogen emits non-toxic 

combustion products when burned. 

2.4 HYDROGENôS PHYSICAL EFFECTS 

Pure hydrogen is odourless, colourless and tasteless. Compounds such as mercaptans and 

thiophanes that are used to scent natural gas are typically not added to hydrogen. 

Hydrogen is non-toxic 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 since 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  

¶ Constantly look out for hazardous conditions and address such conditions 

immediately. 
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¶ Familiarize himself or herself of this manual and observe the safety & hazard 

warnings at all time.  

¶ Maintain the safety of the trailer, the HyStEP component, property, and the general 

public around the trailer. 

¶ Report any defects, safety concerns, and/or operational anomalies to the ownerôs 

representative and be ready to lock out the device if they pose safety concerns (ex: 

leaks, high pressure, high flow rate). 

¶ Ensure the latest version of the test procedures in CSA HGV 4.3 are being used 

¶ Keep the device (whether operating or not) in the suitable environmental conditions 

as outlined in Section 2.12 - Storage. 

¶ Not attempt to alter any of the mechanical components, electrical devices, or cDAQ 

software codes for any reasons without 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 worn while 

working near the remote vent stack and/or when ladder is used 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 environment such as defueling.  Disposable earplugs and 

earmuffs are recommended.   

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 components can get as low as -40
o
C). 

Long sleeved shirts with cuffs buttoned and long-legged 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 1ST
 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 receives hydrogen 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 notifications if any of the monitored parameters are out of normal operating 

range. 

The system requires 120VAC/15A/60Hz electrical power and adequate nitrogen supply to 

operate. 

The cDAQ is equipped with a cellular modem that connects to the Internet via cellular 

network as well as acts as an Ethernet router of the local area network within the HyStEP 

device. Computers can be connected to the local area network via the CAT-5 jack located in 

the utility room for file download and administration. 

The mechanical and electrical components of HyStEP are housed inside an enclosed utility 

trailer with 7,000 lb GVWR and 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/highways as any other dual-axial utility trailers. 

2.8 PRE-TRIP INSPECTION 

Before towing the HyStEP device on a road trip, the operator should perform a pre-trip 

inspection on the exterior and interior of the device. 

 Interior 

¶ Make sure parts are properly secured such as electrical cords, grounding cables, gas 

hoses, remote vent stack components, and nitrogen cylinders 

¶ Make sure nitrogen supply is disconnected from the nitrogen panel and caps are 

installed on the nitrogen cylinders 

¶ Make sure the HyStEP tools, supplies, and spare parts are in place such as cones, 

sandbags, and cable trays 

 Exterior 

¶ Check the trailer tire pressure 

¶ Make sure the doors are closed and locks are in place. 

¶ Make sure the roof vent is closed and secured 

¶ Check the trailer signal lights 

¶ Check the charge on the battery for the trailers emergency brakes 



 -         

 

Copyright © 2015. Powertech Labs Inc. All rights reserved.  Page 11 
 

¶ Make sure the caps on the trailers vent stack outlets are installed 

 System 

¶ Connect the HyStEP to an electrical outlet to check the cDAQ & touchscreen 

operations 

¶ Check the hydrogen tank pressure against the last record for leaks 

¶ Make sure nitrogen supply is adequate or have it ready on site 

¶ Check the pressure gauges to ensure the system pressure is at a safe level for travel 

¶ Make sure all pressure regulators and manual valves are closed (excluding the tank 

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

 

: 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 sure to follow the towing 

procedures outlined in this manual and in the Forest River Trailer Manual (see Component 

Manual Section of Appendix). Warnings for towing are shown below. 
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2.10 SITE INSPECTION 

To ensure safe operation of the HyStEP device, users must follow the set-up procedures 

outlined in this manual. Incorrect set up of equipment or setup in suboptimal locations could 

cause injury and/or damage to the device. Review the steps below to determine whether 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 

2. Evaluate the site for the safest location for setting up the remote vent stack 

3. Use traffic cones to secure the areas 

4. Locate your 120VAC electrical power outlet (a total length of 80 feet electrical cord)  

and at least 15 feet away from trailer 

5. Locate your grounding point 

6. Check the nitrogen supply 

7. If all of the above is satisfied, then refer to ñSetting up the HyStEP ï Section 6ò for 

detailed procedures; otherwise, do not operate the HyStEP and contact the dispenser 

owner for resolutions and/or further instructions.  

2.11 WARRANTY & 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 completion date of the system training/demonstration by PLI 

representatives at National Renewable Energy Laboratory on December 4, 2015 
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The 1-year warranty period of the system expires on: 12:00:00am December 3, 2016. 

Note: any deletion, additions, or alternations of the system without written approval from 

the manufacturer may void the warranty, damage the system, and/or result in unsafe 

operations.  

To make a warranty claim or enquiry about warranty information, please contact the ownerôs 

representative or PLI and quote reference number PL-00742. 

HyStEP Owner: 

 The United States Department of Energy (DOE) 

 

Ownerôs Representative: 

 Terry Johnson, Sandia National Laboratories 

 P.O. Box 969, Livermore, California, 94551-0969 

 Office: +1 (924)-294-2512 

 Fax: +1 (925)-294-3870 

 

Powertech Labs Inc.: 

 Gas Systems Engineering, Powertech Labs Inc. 

 12388 ï 88
th
 Avenue, Surrey, British Columbia, Canada, V3W 7R7 

 http://www.powertechlabs.com 

 Office: +1 (604) 590-7500 

 Fax: +1 (604) 590-6611 

 

2.12 STORAGE 

The HyStEP device is protected against, wind, rain, snow, and sunlight by the utility trailer. 

Care should be taken when the HyStEP device is not to be used for a long time. 

¶ Store either indoor or outdoor providing the environmental conditions are met: -40 to 

85 
o
C and 5 to 95% relative humidity (noncondensing). 

¶ 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 

¶ Inspect the opening of the vent stack on the roof to make sure the caps are properly in 

place. If not, there may have been pressure relief device (PRD) activation and system 

should be thoroughly checked (refer to Maintenance Section). 

¶ Drain the Thermal Pressure Relief Device (TPRD) vent stack for water using drain 

port at the bottom. 

¶ Record/label the system pressure in the three hydrogen tanks and the nitrogen 

cylinders for later comparison against leaks 

http://www.powertechlabs.com/
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¶ Close all pressure regulators and hand valves (excluding the tank isolation valves 

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

¶ Disconnect the electrical power 

¶ Disconnect the nitrogen supply 

¶ Close the roof vent (if stored outside) 

¶ Close all doors 

¶ Lock all doors and the trailer hitch when stored outside. 

¶ Trickle charge the 12VDC battery of the trailer e-brake system 
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3 HYSTEP OVERVIEW 

3.1 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 receptacle and several other components prior to 

the tanks. 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 transporting 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 hydrogen from the 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 regulator and 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.  

3.2 SPECIFICATIONS 

Table 3-1, Table 3-2, and Table 3-3 show the specifications for the electrical system, utility 

trailer and the hydrogen system respectively. 

Ø
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3.3 APPROVALS 

The HyStEP device does not bear any single approval/certification/marks. All the 

components used in the HyStEP were properly engineered to meet the project requirements. 

All electrical equipment has either: UL, CSA, CE, TBD, or IP67 approvals. The hydrogen 

equipment has either: 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 NGV2-2007 (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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a. Tool chest with spare parts and tools inside 

b. Storage for electrical cord and hydrogen vent hose 

c. Sandbag storage 

d. Cable tray storage 

e. Safety cone storage 

f. Gas detection probe 

g. Heat detection probe 

h. Rooftop vent 

i. LED Light 

 

2. Gas Room 

a. Hydrogen storage tanks 

b. Air actuated control valves 

c. Rupture disk style pressure relief device 

d. Thermal Pressure Relief Devices (TPRDôs) 

e. Various sensors and fittings 

f. Gas detection probe 

g. Heat detection probe 

h. Nitrogen cylinder storage 

i. Explosion proof box for unclassified electrical equipment 

j. Remote vent stack storage 

k. Valve over-ride panel 

l. Intrinsically safe wiring junction box 

m. LED Light 

n. Back side of main control panel which includes: 

i. HMI 

ii. ESD button 

iii.  Audible/Visual Alarm 

iv. Hydrogen receptacle, gauges, regulator, needle valve 

 

Figure 5 below shows the location of these rooms within the trailer as well as the trailer 

layout. 
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4 EQUIPMENT DESIGN & SAFETY 

4.1 HAZARDOUS AREA CLASSIFICATION 

Since hydrogen is unlikely to exist under normal operating conditions, it is therefore 

classified as Class 1 Division 2 hazardous area when hydrogen is present in the system. In 

addition, the trailer will be located near a hydrogen dispenser (also Class 1 Division 2 within 

5 feet of the dispenser); all of the unclassified electrical equipment is installed in explosion-

proof enclosures/boxes. Any electrical equipment outside of this box is intrinsically safe or 

rated for the environment.  

For details on the extent of the classified area, see drawing PL-00742-02-01 in Appendix L. 

: No smoking, open flames, or use of electronic devices within 

the hazardous area of the HyStEP (~15ft).  

4.2 MOBILITY & TRANSPORT 

The HyStEP device is designed to be transported between hydrogen stations. All the 

equipment is located within 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 axle torsional suspension system to minimize vibrations during 

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 completed by the owner of 

the device.  

4.3 HYDROGEN SYSTEM 

The hydrogen system includes all the components shown on the simplified process and 

instrumentation diagram below. 
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All the hydrogen components in the system are rated to a pressure of 87.5 MPa (12,690 psig) 

and a minimum temperature of -40°C (-40°F). For vibration resistance, cone and thread style 

fittings were primarily used. Pneumatically actuated valves (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 with a -40°C temperature rating. 

: 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 ñType 4ò composite hydrogen storage tanks. The 

tanks are qualified in accordance with NGV2-2007 (R2012) and have a Luxfer thermal 

pressure relief device (TPRD) installed on each of them. Dual point thermocouples (22ò long) 

are mounted inside the tanks to measure the temperature inside the tank at the tip of the 

thermocouple and 6ò back from the tip. Figure 7 shows a photo of the end of the tank with the 

TPRD and in-line thermocouple. Figure 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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Each tank has the specification shown in Table 4-1 below. The tanks are mounted using a 

Canimco ñProfile A2ò style bracket and a custom steel rack. More details on the mounting of 

the tanks are in Section 4.12 of this manual. 

Part Number 116729 

Quantity 3 

ASM Weight 52 kg each (114.6 lb) 

Internal Tank Volume at Service 

Pressure 

76L each (2.68 cubic feet) 
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Capacity at 15°C and 70 MPa 3.1 kg (hydrogen) 

Overall Length 718mm (28.27 inches) 

Diameter 497mm (19.57 inches) 

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

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

Design Service Life 15 years or 5,000 fill cycles 

Certification Qualified in accordance with NGV2-2007 (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, and is 17ô9ò tall. It 

disassembles into 4 pieces which are stored in the trailer when not in use. The vent stack is 

connected to the trailer by a 50ft long hydrogen hose (two 25 ft. lengths with a coupling in 

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

The hydrogen hose has a rating of 128.5 MPa (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 place on the base of the vent stack to prevent it from being blown over in a strong 

wind. 

Figure 9 shows the vent stack disassembled and inside the trailer for transportation (left) and 

assembled, ready for venting on the right. 

 Venting can be loud and potentially cause hearing damage. Ear 

plugs should be used when venting.
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4.6 THERMAL PRESSURE RELIEF SYSTEM 

On one end of each tank there is a Thermal Pressure Relief Device (see Figure 10) to vent the 

entire content of the tank in the event of a fire. The relief device used is a Luxfer PRD-700-

02-0 with a MAWP of 87.5 MPa. From the outlet of each TPRD there is a 3/8ò line that 

enters a Ĳò vent stack which exits the roof of the trailer. The top of the vent stack (see Figure 

11) has a cap to prevent water from entering the stack. The bottom of the vent has a needle 

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

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

 

  

 

 

 

Drain Valve 

Ĳò Vent Stack 

TPRD 
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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 disk set at this 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 the following components: 

¶ Pressure reducing regulator (6000 psig inlet, 0-1,500 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 prevent 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 

 

Figure 12, Figure 13, and Figure 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 instrument nitrogen 

supply is in the lower row. 
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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 using a pressure 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 override panel (see Figure 16) which bypasses the 

solenoid valves with manual 3-way ball valves. This is to be used in the event of a power loss 

or solenoid malfunction. 

Components in the instrument nitrogen system include: 

¶ Pressure gauge (0-200 psi) 

¶ Pressure reducing regulator (3,500 psi inlet, 0 to 100 psi outlet) 

¶ Ball valve 

¶ Safety relief valve set at 125 psi 

¶ Solenoid valves (inside explosion proof box) 

¶ Pressure Switch 

¶ Pneumatically actuated needle valves (for Hydrogen system) 

Nitrogen Filter 

Rupture Disk 
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¶ 3-way valves inside valve over-ride box 

 

 

 

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 various locations, the data acquisition and 

control system, the IR communications hardware, and the network hardware. This system 

includes a Class 1, Division 2 Hazardous Area Classification design.  

The entire electrical system is powered by plugging the 80ft extension cord to a regular 

120VAC/15A outlet at the site/facility where the HyStEP will be used. Ground Fault Circuit 

Interrupter (GFCI) circuit is required when used outside or in wet location. 

The electrical cord is wired to the inside of explosion-proof enclosure to power the IrDA 

generator, the Main Solenoid Valve, and three DC power supplies as shown Figure 17. Each 

circuit is fused to protect the components. Electrical wiring details are included in the 

HyStEP Electrical As-built Package. 

4.8.1 Explosion-Proof Enclosure & Intrinsic Safety 

Explosion-proof 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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electrical sensors and switches installed in hazardous locations. Intrinsic Safety Barriers are 

used for all pressure transducers, thermocouples, and switches. 

: The trailer  be bonded to a grounding source onsite when 

hydrogen is present in th e system . 

: 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 shutdown 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 cDAQ-controlled 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 alarms discussed in the 

previous section. Note that there is redundancy for H2 detection since each detector has a 

hardwired relay as well as the cDAQ alarm to de-energize the ESD circuit. 

When the ESD circuit is opened, the primary action is to close all of the pneumatic 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, power to 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 activate the 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 to each other. The hydrogen sensor is attached to an explosion-proof 

enclosure where the transmitter and LED display are located. Real-time readings of hydrogen 

level can be read from the LED display through the glass front of the explosion-proof 

enclosure.  

Each hydrogen sensor is hard-wired 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. 

4.8.4 Heat Detection 

There are two heat detectors installed 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 reach 65
o
C. Each heat detector is hard-wired to 

the ESD circuit to shut down the ESD circuit. 

4.9 CONTROLS & DATA ACQUISITION SYSTEM 

The HyStEP Device data acquisition and control system uses chassis-based National 

Instruments® CompactDAQ (cDAQ) hardware housed in the Explosion-Proof Enclosure. 

Instrumentation on the HyStEP Device consists of position switches, solenoid valves, 

pressure switches, thermocouples, pressure transducers, and analog pressure gauges. The 

temperature sensors and pressure transducers are all connected to the data acquisition system.  

The cDAQ 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 CAT-5 cable so that an external computer 

can connect directly to the cDAQ local network.  

The HyStEP Device control system 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 Purging. 

4.9.1 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 action taken and the conditions to 

reset the alarm. This matrix was then implemented in the LabVIEW software. One-hundred 

and twenty-three fault conditions are defined in this alarm matrix, although not all of them 

produce alarm notifications and/or system shutdown. For 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 other than a 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 alarm activation, 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 one or 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 pressure 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 is greater than a predefined 

setpoint, the tank valve will not open. The default setpoint is 2 MPa. 

: Refer to Alarm Matrix and Electrical Drawings for details in safety 

wirings and alarm details . 

 

4.10 IRDA SAE J2799 COMMUNICATION 

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

an IrDA test signal generator with Modbus communication to the cDAQ CPU and an IrDA 

transmitter that is mounted next to the receptacle on the operatorôs panel. The signal 

generator produces the appropriate 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. 
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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 signal on-the-fly. When the 

override button is activated the operator 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). For general and communication fault tests, these values can be set to 

values outside of the acceptable ranges to check that the dispenser does not fuel. An 

additional feature of the IrDA tab is the corrupt buttons. The CRC Corrupt button will 

introduce an erroneous Cyclic Redundancy Check (CRC) string into the communications 

signal to check that the dispenser responds correctly to this fault condition. The Corrupt 

buttons for each data field will send an invalid parameter for that specific field (Invalid as per 

SAE J2799). Table 4-3 shows a list of the invalid parameters that will be sent, sequentially 

each time the corrupt button that specific data field is selected. 
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4.11 FAILURE 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 system design for the 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 extensively tested and 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 the Project 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 then analyzed in a detailed FMECA facilitated by Intertek Consulting. The results of the 

FMECA are summarized as follows: 

Å 7 functional blocks were analyzed 

Å 44 functions were defined 

Å 202 failure modes and effects were identified 

Å Each effect was assigned severity, occurrence, and detection/prevention ratings 

Å 47 failure mode effects had severity of 9 or 10 indicating a safety hazard 

Å 20 failure mode effects had a Risk Priority Number (RPN = severity *  occurrence *  

detection) greater than 100 

 

Following the completion 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. 

4.12 HYDROGEN TANK STRUCTURAL FRAME & MOUNTING 

The tank-mounting frame assembly shown in Figure 21 safely secures and houses the high-

pressure tanks, explosion proof box, operator panel, components, and plumbing. The ñProfile 

A2ò style Canimco mounting brackets were 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 (see Figure 22). The frame was 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 finite element stress analysis (FEA) was performed on the frame as 

modeled in Figure 23 to verify these loads. FEA analysis was conducted in a manner to 

accommodate certification of the trailer to DOT SP-13173. 
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5 CDAQ CONTROL SYSTEM 

5.1 PROGRAMMABLE LOGIC CONTROLLER (CDAQ) 

The HyStEP Device data acquisition and control system uses chassis-based National 

Instruments® CompactDAQ (cDAQ) hardware. The system includes a CPU module (NI 

cDAQ 9132), one 16-channel analog module (NI9208), one 16-channel thermocouple module 

(NI9213), one 32-channel digital input/output module (NI9375),  and a 24 VDC power 

supply (NI PS-16). The cDAQ system is installed inside the explosion-proof electrical 

enclosure in the Gas Room as shown in Figure 24. 

: Refer to the electrical drawings for layout and wiring details and 

Bill of Materials for component details.  

 

 

 

9-30VDC Input 

Power 40W 

Max 

Chasis slot for modules 

SD Card Slot ï (max 

32GB) SD/SDHC 

standards 

RJ45 Ethernet 

Ports (x2) 

RS-232 Port: Max 

115,200 bps 

Mini DisplayPort ï 2560 x 

1600 at 60 Hz 

USB Ports (x2) 

ï USB 2.0 

4 LED Status 

Power Button 

RESET Button 

Chasis ground 
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Below is a summary of the general operating/storage conditions and operators shall refer to 

the complete manufacturer specifications and user manuals for other operating conditions, 

safety, and hazards at http://www.ni.com 

:  Bolts on the explosion proof enclosure are to be torqued to 65 ft. -

lbs  

 NI cDAQ 

9132 

NI 9208 NI 9213 NI 9375 NI PS-16 

Operating 

Environmental 

Conditions 

-20 to 55 
o
C 

10 to 90% RH, 

noncondensing 

 

-40 to 70 
o
C 

10 to 95% RH, 

noncondensing 

 

-40 to 70 
o
C 

10 to 95% RH, 

noncondensing 

 

-40 to 70 
o
C 

10 to 95% RH, 

noncondensing 

 

-25 to 70 
o
C 

 

Storage 

Environmental 

Conditions 

-40 to 85 
o
C 

5 to 95% RH, 

noncondensing 

 

-40 to 85 
o
C 

5 to 95% RH, 

noncondensing 

 

-40 to 85 
o
C 

5 to 95% RH, 

noncondensing 

 

-40 to 85 
o
C 

5 to 95% RH, 

noncondensing 

 

n/a 

Maximum 

Altitude 

5,000 m 2,000 m 2,000 m 2,000 m n/a 

Operating 

Vibration 

Random ï 5 

grms, 10 to 

500Hz 

Sinusoidal ï 6 

g, 10 to 500 

Hz 

Random ï 5 

grms, 10 to 

500Hz 

Sinusoidal ï 5 

g, 10 to 500 

Hz 

Random ï 5 

grms, 10 to 

500Hz 

Sinusoidal ï 5 

g, 10 to 500 

Hz 

Random ï 5 

grms, 10 to 

500Hz 

Sinusoidal ï 5 g, 

10 to 500 Hz 

n/a 

Operating Shock 30 g, 11 ms 

half time, 50 g, 

3 ms half time, 

18 shocks at 6 

orientations 

30 g, 11 ms 

half time, 50 g, 

3 ms half time, 

18 shocks at 6 

orientations 

30 g, 11 ms 

half time, 50 g, 

3 ms half time, 

18 shocks at 6 

orientations 

30 g, 11 ms half 

time, 50 g, 3 ms 

half time, 18 

shocks at 6 

orientations 

n/a 

Hazardous 

Locations (UL) 

Class I, 

Division 2, 

Groups A, B, 

C, D, T4: 

Class I, Zone 

2, AEx nA IIC 

T4 

Class I, 

Division 2, 

Groups A, B, 

C, D, T4: 

Class I, Zone 

2, AEx nA IIC 

T4 

Class I, 

Division 2, 

Groups A, B, 

C, D, T4: 

Class I, Zone 

2, AEx nA IIC 

T4 

Class I, Division 

2, Groups A, B, 

C, D, T4: Class 

I, Zone 2, AEx 

nA IIC T4 

n/a 

http://www.ni.com/
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: 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 ï POWER, STATUS, USER1, and USER2 and the table 

below lists the LEDs and status indications.  

 

 

 

 



 -         

 

Copyright © 2015. Powertech Labs Inc. All rights reserved.  Page 37 
 

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 interface, which 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 HGV 4.3. Figure 25 shows the 

touchscreen panel mounted on the Operator Panel and Figure 26 shows the back of the 

touchscreen panel and its connections & buttons. 

 

 

: Refer to the electrical drawings for layout and wiring details and 

Bill of Materials for component details.  

Electrical Power 

USB Touch 

Video-In (VGA) 

Control buttons 
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5.3 NETWORKING & REMOTE ACCESS 

The cDAQ can be connected to a network for data transfer or remote access in two ways. The 

system includes an Ethernet switch (Figure 27) and a CAT-5 jack (see Figure 28) so that an 

external computer can connect 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 

connection for remote access.  

 

To access the HyStEP local area network, connect the laptop computer to the CAT-5 jack in 

the Utility Room via a straight-thru CAT-5 cable as shown in Figure 28.  

   

Open the ñNetworkò view in Windows to look for a computer name ñH2_TestStationò, which 

is the cDAQ Controller as shown in Figure 29. 

Cellular Modem 

Ethernet Switch 

Class 1 Div 2 

CAT-5 Jack 

Remove the 

cap and 

connect the 

Cat-5 straight-

thru cable 
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If unable to see the HyStEP computer ñH2_TestStationò while connected to local area 

network, launch the Windows Command Prompt, in the command prompt, type ñPing 

192.168.13.100ò and press Enter to see if your laptop can see the cDAQ computer. If so, open 

a Windows Explorer and type \\192.168.13.100 in the address bar to see the data folders. 

 

 

Type \\192.168.13.100 

and press Enter. 

file://///192.168.13.100
file://///192.168.13.100
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5.4 OPERATOR CONTROL PANEL 

As shown in Figure 31, the Operator Panel located on the side of 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. 

 

 

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 sub-systems: Purge and Instrument Control. Figure 32 shows 

the control panel layout and its control components. 

           

Silence Button 

AV Alarm 

HMI 

Touchscreen 

ESD Button 

Receptacle & 

IrDA Transmitter 

Receptacle 

Pressure 

Gauge 

Tank 1, 2, 3 

Pressure Gauges 

Defuel Valve 

Defuel Pressure 

Gauge 

Defuel Pressure 

Regulator 

Purge Flow 

Control Valve 
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5.6 PNEUMATIC VALVE OVERRIDE PANEL 

The operator-bypass valve override is located inside a lockable box by the Explosion-proof 

enclosure as shown in Figure 33. It allows the operator to manually override the pneumatic 

valves to either ñOpen or Closeò position individually. 

: cDAQ will no longer be able to control the pneumatic valves 

when the 3 -way valve is turned to positions other than òNormaló. The 

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 òopen or closeó position to defuel the tanks in a safe 

manner.  

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

solenoid valve, to the pneumatic valve directly, or to shut-off according to its position as 

shown in Figure 32. 

When the valve handle is pointing  

 Upwards, it is the default ñNormalò position that cDAQ can control the pneumatic valve. 

 Right, it is the ñClosedò position that the pneumatic valve is closed 

Down it is the ñOpenò position that the pneumatic valve will remain open as long as 

nitrogen supply is available. 

: Only trained & experienced personnel shall use this override. 

The box shall remain locked at all time.  

: Check the  system pressure before overriding valves. Do not 

open valves if pressure differential between tanks greater than 2 MPa  or 

not known.  

  

Normal ï 
default 
position 
where the 
handle is 
pointing  

Closed 

Open 
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6 SETTING UP THE HYSTEP 

6.1 ARRIVING ONSITE 

Upon arriving on-site to a new 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 

2. Evaluate the site for the safest location for setting up the remote vent stack. 

3. Use traffic cones to secure the areas. 

4. Locate your 120VAC electrical power outlet (a total length of 80 feet electrical cord)  

and at least 15ô away from trailer 

5. Locate your grounding point 

6. Check the nitrogen supply 

7. 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 time onsite. 

 

6.1.1 Positioning the Trailer 

When pulling up to a station ensure that: 

1. There is enough room to open operator panel door without hitting anything 

2. Check that the receptacle inside 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 the operator panel. 



 -         

 

Copyright © 2015. Powertech Labs Inc. All rights reserved.  Page 43 
 

3. Ensure the grounding cable can reach a grounding point  

4. Check that the electrical cable can reach an electrical outlet that is located outside of 

the stations hazardous area 

5. Make sure that there is a safe location for venting gas within 50 feet 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 PL-00742-02-01 for more detail) 

b. No canopy or object that could trap 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 be coned off from general public. 

 

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 
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2. Lower supports on rear end of trailer 

 

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

: 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 emergency brake cable 

b. Remove the coupler locking device (pin) and release the coupler-locking 

device (raise the lever) 

c. Use the jack to raise the coupler high enough for the hitch ball to slip beneath 

(see Figure 39) 
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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 and latch them open 

: 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.  

: 

 

 

6.1.3 Grounding the Trailer 

Locate the grounding point on-site. Connect the grounding cable from this to the trailer. The 

trailer has 2 grounding points, one forward from the operatorôs panel and one inside the back 

door by the nitrogen rack (see Figure 40). The grounding cable can be connected to either of 

these points. Grounding cables located inside the utility room can be joined together to reach 

the desired length.  

 

6.1.4 Pre-Startup Checklist 

Before connecting electrical extension cord to the 120VAC power source, the operator shall 

perform the pre-startup checklist below. 

1. Tow trailer to dispenser 

2. Put wheel chocks on either side of wheels 

3. Lower trailer supports at rear 

4. Disconnect trailer electrical cable from the tow vehicles electrical plug 

5. Unhitch trailer (if desired) 
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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 trailer to one 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 cones (see Figure 55) 

2. Remove the vent stack sections from the trailer and put them in the coned area for 

assembly. Also bring the 2 wrenches labeled ñVent Stackò, the mallet and the mat from 

the tool chest. 

 

 

3. Set-up 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 mallet (to make sure the bottom 

does not hit the ground when the legs are pull out in Step c) 

c. Pull the legs of the tripod out until the supports are parallel with the ground (see 

Figure 42 right) 

  

d. Adjust the tubing so the bottom is just above the ground 

e. Tighten nut on bottom of tripod 

Red nut 

Section 2 and 3 

(interchangeable) 

Section 1 

(base) 

Section 4 

Silver nut 

Supports 

Parallel With 

Ground 
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f. Put sandbags on the base (see Section 6.2.6) 

g. Tighten the red and silver nut to set the position 

 

 

4. Connect tubing sections 2 and 3 (straight 1ò tubing) using the wrench and mat provided 

in the Tool Chest 

: The mat is to protect the tubing, nut, and ferrule from physi cal 

damage against hard surface (not shown in photos)  
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5. Connect sections 3 & 4 of the vent stack in the same manner 

 

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

 

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

 

8. Close off area where 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 trays. Pay 

particular attention to the coupling in the middle of the hose and ensure it is 

protected by the cable tray (see Figure 53 and Figure 54) 

11. Connect the vent hose to quick connect on the bottom of the vent stack 

12. Connect the vent hose to the quick connect located by the nitrogen cylinder rack. 
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: The vent hose MUST be properly connected to the vent s tack 

before its other end is connected to the trailer  

: The defuel valve located on the Operator Panel MUST be fully 

closed prior to the connection.  

: Check the connection to ensure its properly connected  

Take care not to damage the quick connects on either end of 

the hose while setting up , inspect fitting for damage before each use

13. Place sandbags on base of vent stack (see Figure 56) 

14. Place sandbags on the hose just before the connection point on both ends of hose (see 

Figure 56) 

15. Vent stack is now ready to use 

 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 been lost, refer to the maintenance section of 

this manual for further procedures. Spares can be found in the tool chest. 
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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 site. There 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 left outside the doors. Figure 51 

shows the nitrogen rack with 2 ñK cylindersò mounted in it. 

: Nitrogen hose has a minimum  bend radius of 4ó. 

: 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 . 
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 Cylinder Installation/Removal 

In order to install hydrogen cylinders, the following procedures should be followed: 

1. Place nitrogen cylinder into the back of the trailer  

: 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 bracket by removing the screw on the joint 

3. Remove the strap from the ratchet on the bottom bracket 

4. Place the cylinder into position inside the ñhoopsò of the bracket 

5. Wrap the ratchet strap around the cylinder on the bottom bracket 

6. Tighten the strap around the cylinder using the ratchet. This will locate it within the 

top bracket as well 

7. Close the top bracket and secure by tightening the bolt 

8.  Repeat steps 1-7 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 protected by a cable tray in 

any area with vehicle traffic or where it could pose a tripping hazard. Cable trays are stored 

inside the utility room and can be connected together to make a long line (see Figure 52 and 

Figure 53). 

The hydrogen vent hose is stored in the utility room along with the electrical cable. When 

setting up the vent hose pay particular attention to ensure that the coupling in the middle of 

the hose is protected (see Figure 54). 
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6.2.5 Cones 

Safety cones are provided to identify the area around the vent stack, so drivers and 

pedestrians avoid the 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. 
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6.2.6 Sand Bags 

Sand bags are provided to 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 hose (see Figure 56).  

 Make sure there is a sandbag on each  end of the vent hose to 

prevent hose whip in th e event of a connection failure or release  

 

 

6.3 EQUIPMENT PREPARATION 

6.3.1 Preparing Pneumatic Control System 

To prepare the pneumatic control system for use, follow the steps below: 

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

: Nitrogen tank  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, close it, and then open the nitrogen bleed valve to 

purge the hose. Repeat 3 times (see Figure 57) 

 

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

6. Adjust the Instrument N2 Regulator to a pressure of 95psi (see Figure 58) 

 

7. Open the Instrument N2 Supply Valve (see Figure 59) 
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8. Check that nitrogen pressure is still at 95psi, if not adjust regulator  

: If pressure exceeds 95 psi, a pneumatic valve will have to be 

cycled to drop the pressure (regulator is not self -venting) . 

: Nitrogen pneumatic supply monitored by a safety relief valve 

at 125 psi . 

 

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 valves should be in the positions shown in Table 6-1. 

Valve/Regulator Position 

Purge Regulator Closed (Counter-clockwise to close) 

Purge Valve Closed (perpendicular to line) 

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 close) 

Defuel Valve Closed (Clockwise to close) 

Defuel Regulator Closed (Counter-clockwise to close) 
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6.3.3 Prior to Power-Up 

Before connecting the HyStEP device to electrical power, or conducting any test, the operator 

shall make sure the following steps are complete. 

1. Tow trailer to dispenser 

2. Put wheel chocks on either side of wheels 

3. Lower trailer supports at rear 

4. Connect grounding cable to site ground 

5. Connect other end of grounding cable to trailer at one of the 2 grounding points provided 

6. Open rear doors and latch open 

7. Install nitrogen cylinder (if required) 

8. Ensure the Nitrogen Purge and Instrument valves and regulators are closed 

9. Connect the Nitrogen tank to the hose 

10. Open the Nitrogen Tank Valve slightly, close it then open the nitrogen bleed valve to purge 

the hose. Repeat 3 times 

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

12. Adjust the Instrument N2 Regulator to a pressure of 95psi 

13. Open the Instrument N2 Supply Valve 

14. Check that nitrogen pressure is still at 95psi, if not adjust regulator  

15. Check that needle valves on Hydrogen Tanks are fully open and that all valves are in the 

correct position (see Table 6-1) 

16. HyStEP Device is now ready to power up 

6.3.4 Electrical Power 

Before removing the electrical cord from the trailer, locate a 120V/15A electrical outlet that 

is located outside of the hazardous area (5 ft. from the dispenser as per NFPA 2 or 15 ft. from 

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

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 pass-thru to the right side of the door (see Figure 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 will power up. 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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6.3.5 Logging On to HMI 

Once 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 alarm may be present. These can be 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 started up. Refer to Section 7.3 ï cDAQ Alarms for 

more details. 
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7 CDAQ TOUCHSCREEN OPERATION 

The cDAQ touchscreen Human-Machine Interface (HMI) is mounted on the Operator Panel 

covered by a lockable panel (see Figure 61 below). The cDAQ touchscreen is connected to 

the cDAQ controller mini-display port with USB touch interface. A USB wireless 

keyboard/mouse pad combo is installed as 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 Instruments® 

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 detailed instructions on how to login, how to navigate, and how to 

operate the HyStEP device via the cDAQ touchscreen HMI. 

 

 

7.1 HMI MAIN DISPLAY 

Unlock and open the panel as shown in Figure 61 to access the touchscreen HMI. When the 

trailer is connected to 120V power, the cDAQ and HMI touchscreen will boot up 

automatically. 

7.1.1 Start-up & Login 

After the trailer is powered up, Windows login screen will display on the screen. Operators 

can use the on-screen keyboard or the keyboard/mouse combo to enter user name and 
























































































































