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Presentation Outline

• HyStEP Status

• Typical schedule for HyStEP

• Overview of Station Validation Report Template

• Lessons learned and open items related to SAE J2601
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What is HyStEP? The Hydrogen Station 
Equipment Performance Device

Key Features:

Three 76L Type IV tanks (3.1 kg H2 
capacity each)

IrDA communications

70 MPa receptacle

Tanks and receptacle instrumented 
with P and T sensors

Operator panel

Touchscreen 
User 
Interface

Receptacle



Tanks and electronics mounted in rear “Gas Room”
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Class 1, Div 2
Electronics

N2 Panel

N2 tanks

H2 and fire sensors

Control Panel (back)    
and H2 inlet manifold

Vent mast 
storage
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HyStEP designed to test dispenser compliance 
with SAE J2601-2014 per CSA HGV 4.3

Fault Detection
• CHSS capacity range 

test
• Ambient temperature 

test
• Minimum fuel delivery 

temperature test
• Maximum CHSS gas 

temperature test
• Minimum CHSS initial 

pressure test
• Maximum CHSS 

pressure test
• Maximum state of 

charge test

Communications
• Abort signal test
• Halt signal test
• Data loss test and then 

resumed fueling test
• Invalid CRC 

communication test
• Invalid defined data 

value test
• Protocol Identifier (ID)
• Software Version Number (VN)
• Tank Volume (TV)
• Receptacle Type (RT)
• Fueling Command (FC)
• Measured Pressure (MP)
• Measured Temperature (MT)

Fueling Protocol
• Non-comm Fueling 

tests
• Comm fueling tests
• Repeated table test
• No fueling test
• High pressure 

capacity test
• Pre-cooling capacity 

test
• Fallback test
• Top–off fueling test
• Cold dispenser test

CSA HGV 4.3 defines three sets of tests to verify compliance 
with SAE J2601
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Typical test matrix can be carried out in three 
days

Day One

Arrive on site and 
setup

Safety inspection

Instrument and sensor 
check

Enter station info and 
review test matrix with 
operator

Fault Detection tests

Day Two

Communication 
tests

Begin Fueling 
Protocol tests

5-7 fills

2-3 vent cycles

Day Three

Review results 
from Day Two

Complete Fueling 
Protocol tests

5-7 fills

2-3 vent cycles

Prepare HyStEP
for transport

Vent and purge
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HyStEP Device performance was validated at 
three hydrogen stations

NREL’s Hydrogen Infrastructure Testing 
and Research Facility

Hydrogen Research/Fueling Facility at 
California State University Los Angeles

Diamond Bar station at SCAQMD 
headquarters 



8

Validation tests included more than 30 
fills

NREL HITRF

• Instrument/sensor accuracy

• 5 Fault Detection tests

• 20 Communication tests (repeats)

• 3 H70-T40 non-comm fills (1, 2, and 
3 tanks)

• 6 H70-T40 comm fills (1, 2, and 3 
tanks)

CSULA

• 6 Fault Detection tests

• 9 Communication tests

• 2 B-70 non-comm fills (1 tank)

• 3 B-70 comm fills (1, 2, and 3 tanks)

• 3 No Fueling tests

SCAQMD

• 6 Fault Detection tests

• 9 Communications tests

• 6 non-comm fills
– 3 H35-T20 (2 and 3 tanks)

– 3 H70-T40 (1, 2, and 3 tanks)

• 11 H70-T40 comm fills (1, 2, and 
3 tanks)

• 3 No Fueling tests

• 4 fill tests were side-by-side 
comparisons to FCEVs
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Example Fault Detection Test: Maximum SOC

• H70 Comm fill

• IrDA temperature signal modified 
so that SOC > 100%

– Set MT = 234 K when MP was   
58 MPa

– Resulting SOC = 102%

• Dispenser terminated fueling 
within a few seconds
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Example Communications Test: ABORT

• H70 Comm fill

• IrDA Abort signal transmitted by HyStEP operator

• Dispenser terminated fueling within a few seconds
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Example Fueling Test: H70-T40 non-comm, 
3kg 
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Example Fueling Test: H70-T40 comm, 3kg, top 
off 



13

A station performance report will be used to 
record HyStEP test results 

Based primarily on CSA HGV 4.3

Includes the following:

• Summary Report Card

• Station description

• Test Matrix

• Requirements

• Test Pass/Fail Checklists
– General Fault Detection

– Communication

– Fueling Protocol
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Station Performance Test Report: Station 
Information
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Station Performance Test Report: Example Checklist 
for non-comm fueling test
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Begin  HyStEP
Confirmation Testing

Onsite 
verification of 

minimum 
requirements 

met?

Pass 
Fault Detection 

Tests?

Pass  
Communication 

Tests?

Pass  Table 
Based

Fueling Tests?

ARB HyStEP
submits 
report to  
Station 

Confirmation 
Group

HyStEP
Confirmation Testing 

Complete

nonono

yes yesyesyes

Station Passes 
All Operational 
Requirements?

End Confirmation  
Scheduling

SD notifies 
Station 

Confirmation 
Group (SCG)

no

Begin Confirmation  
Scheduling

Begin OEM 
Confirmation Testing

SCG Determines Team 
for Confirmation Testing. 

Responds to SD with 
desired Confirmation 

testing dates and times 
(14 Days)

SD notifies 
OEMs & 
HyStEP
Team  of 

Confirmation 
testing dates

Requirements 
for HyStEP
testing met?

no

yes

1

3 4 5 6

2

1 4 5 6

Draft CA HyStEP Validation Process

32
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Lessons learned and open issues from HyStEP
testing thus far

• What tolerance should be used for target pressure? 

– From SAE J2601: “The station shall account for its tolerances in applying this 
fueling protocol. Tolerances shall be applied to ensure that the pressure ramp rate 
and ending pressure remain within their specified boundaries or limits.”

• How to perform Maximum SOC fault test?

– Transmitted tank temperature (MT) can be modified to simulate SOC > 
100%

– Should provide an equation or table for MT versus pressure.

• Storage bank switches may be difficult, if not impossible, to detect with 
a test device. Thus, perceived failures to stay within the pressure 
corridor may be incorrect.

• How should a failed test be handled? Can a re-test be approved?
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Lessons learned and open issues from HyStEP
testing thus far

• Dispenser software may have a target APRR programmed that meets 
the corridor, but the actual hose pressure falls below the target, is that a 
fail?

• How to pick the exact point of the start of a fill should be clearly defined 
for the testing agency. Is this based on the dispenser target APRR, the 
hose pressure, the receptacle pressure, or the CHSS pressure?

• Should a dispenser be allowed to limit a fill to the 35 MPa non-comm
tables without secondary confirmation of H70?

• Two Fault Detection tests, Ambient Temperature Limits and Minimum 
Fuel Delivery Temperature, were not tested because ambient 
temperature sensor and hose temperature sensor could not be 
modified. Should these be F.A.T. only?

• Should FC = Stat command be tested?
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Questions?

Thanks!

Terry Johnson tajohns@sandia.gov 925-294-2512

mailto:tajohns@sandia.gov
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BACKUP
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Sensor verification and large test matrix 
performed at NREL

Test Complete 
(Y/N)

# of Tests Pass/Fail IrDA signal Pressure 
Class

Tanks

General Fault Detection Tests
CHSS Storage Limits – 22Oct Y 1 Pass TV=1, 250 H70 1
Ambient Temp. Limits
Min. Fuel Delivery Temp.
CHSS Gas Temp. Y 1
Min. Initial CHSS Pressure – 22Oct Y 1 Pass MP=0.1 H70 1
Max. CHSS Pressure – 21Oct Y 1 Pass Yes H70 1
Max. State of Charge – 9Nov Y 1 Pass MT=233 H70 1

Table Based Communications Testing
ABORT Signal Test – 22Oct Y 3 Pass ABORT H70 1
HALT Signal Test – 22Oct Y 3 Pass HALT H70 1
Data Loss Test, then ABORT Test – 22Oct Y 3 Pass Com>Non H70 1

Data Loss Test and then RESUMED Test –
22Oct

Y 3 Pass Com>Non H70 1

Faulty Data Tests – 21Oct Y 1 Ea Pass Yes H70 1
Protocol Identifier (ID) Y 1 Pass Yes H70 1
Software Version Number (VN) Y 1 Pass Yes H70 1

Tank Volume (TV) Y 1 Pass Yes H70 1
Receptacle Type (RT) Y 1 Pass Yes H70 1
Fueling Command (FC) Y 1 Pass Yes H70 1
Measured Pressure (MP) Y 1 Pass Yes H70 1
Measured Temperature (MT) Y 1 Pass Yes H70 1

CRC Test Y 3 Pass Yes H70 1
Table Based Fueling Protocol Testing

Fueling Test without Communications
Test 1 – 11Nov Y 1 Pass No H70 1
Test 2 – 12Nov Y 1 Pass No H70 2
Test 3 – 12Nov Y 1 Pass No H70 3

Fueling Test with Communications
Test 1 – 23Oct, 4Nov, 5Nov Y 3 Pass Yes H70 1
Test 2 – 6Nov Y 1 Pass Yes H70 2
Test 3 – 9Nov Y 1 Pass Yes H70 3

No Fueling (NF) Test – 21Oct Y 1 Pass Yes H70 1
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HyStEP designed to test dispenser compliance 
with SAE J2601-2014

SAE J2601-2014 published in July, 2014

• New tank sizes classes: 2-4kg, 4-7kg, and 7-10kg for H70; 2.4-4.2kg and 4.2-6kg
for H35 

• Three pre-cooling temperatures (T40, T30, T20)

• New protocols: Fallback, top-off, cold dispenser

• New definitions: Reference T and P for tables now near the hose break-away; 
pressure corridor with upper and lower tolerances

• Large number of tables: 30 standard tables; 24 optional cold dispenser tables; 

Copyright © 2014 SAE International 
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Fueling protocol test matrix is defined to include 
all station options in minimum number of tests

Tests should capture all of the following 
options available on the dispenser 

• Comm/Non-comm fueling 

• Pressure class (H35, H70) 

• Fuel delivery temperature (T40, T30, T20) 

• CHSS size category (2-4, 4-7, 7-10 kg (H70)) 

• Fallback, Top-off, Cold Dispenser

Fueling protocol tests must validate that 
tables are selected properly 

• APRR, including interpolation 

• Fueling ends properly 

– Target Pressure, including 
interpolation 

– 95-100% SOC (Communication) 

• No Fueling 

CSA copyright and Subject to Change


