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HyStEP

design developed by H2FIRST team in (6|‘-i2|=|R3T

collaboration with Powertech Labs
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Project lead, management and coordination; device
design; safety analysis

Device design; safety analysis; device validation
testing

Device design; safety analysis; facilitate pre-
deployment testing

Device design and safety analysis

Device design; safety analysis; facilitate pre-
deployment testing; Deployment lead

Device design; safety analysis; vehicle
participation/comparison for pre-deployment testing

HyStEP design and safety review




What i’é"xl"-i"\?{StEP? The Hydrogen Station ﬁi‘-l'zFlRST
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

Touchscreen

= User Interface

Operator panel —> |

Receptacle
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railer compartment houses gas systems
and electronics; front for tools and storage

Top view of trailer and fire sensors

A V’“— r R

V‘CIa"s‘s 1, Div 2,I§I'ectron|cs

— T

H, inlet
manifold

Front /
Compartment | -

[

| | | N

Rear
— Compartment (-)|—

» i
AHaFIRST

{

l
/.9

NjPaneI
-



yStEP Device is to ﬁ’l—izFIRST ]
facilitate the commissioning of stations |

Fill safely: Common goal of vehicle manufacturers, consumers, station operators,
and state stakeholders
Follow standards:

e SAE J2601-2014 (fueling protocol), specifies how to fill hydrogen vehicles safely.

e CSA HGV 4.3 (test method), defines how to test dispensers for compliance with SAE
J2601.

Test stations: HyStEP Device will be capable of testing to the CSA HGV 4.3 test
methods.

Today's Problem: Each OEM performs vehicle test fills to validate station Tomorrow’s Solution: HyStEP acts as FCEV
surrogate; operated by testing agency
Vehicle OEM 1 Vehicle OEM 3 Vehicle OEM 2 . -
n . ., Station Accepted Station Accepted
= L~ = i
Week 5> Week 6 Q Q
Vehicle OEM 2 Vehicle OEM 1 Vehicle OEM 3
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est dispenser compliance /fl-izFlRST

with SAE J2601-2014
SAE J2601-2014 published in July, 2014

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

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

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

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

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

pTa rget PTarget Top-Oft.
H70-T40 :::g‘ﬂz ;::;’e': 1[::‘]0: APRR Target Pressure, P, ., [MPa]
4-7'(9 Ramp Rate, [MPa] [MPa] [MPamin]
comm [Mﬁz?:.n] Initial Tank Pressure, Py [MPa]
0,5 - 5 (no Interpolation allowed 0,5 2 5 10 15 20 30 40 50 60 70 > 70
50
— 50 51 78,2 87,5 2,6 80,8 85,7 86,8 86,5 85,8 85,0 84,0 82,7 81,1
8 45 8,1 76,3 87,5 4,0 81,1 86,9 86,6 86,2 85,3 84,3 83,0 81,6 79,7
‘ﬁ 40 11,5 73,2 87,5 54 81,1 86,9 86,4 85,9 84,7 83,5 82,0 80,3 78,3
- 35 12,4 72,9 87,5 5,6 81,2 86,9 86,4 85,9 84,7 83,4 81,9 80,2 78,2
§ 30 15,3 70,6 87,5 6,6 81,0 86,8 86,3 85,6 84,3 82,8 81,2 79,4 77,2
2 25 18,5 69,0 87,4 ol 81,0 86,8 86,1 85,4 83,8 82,2 80,4 78,5 76,1
g 20 21,8 67,9 87,4 7.6 81,2 86,8 85,9 85,1 83,3 81,5 79,6 77,5 751
% 10 0 66,3 87,4 81,2 86,8 85,7 84,7 8_2.6 80,5 78,3 76,1 73,4
.2 0 28,5 78,4 84,6 86,8 85,6 84,4 83,1 80,6 78,1 75,6 731
c -10 28,5 82,2 87,1 86,4 85,2 84,0 82,8 80,4 77,9 75,4 72,9
% -20 28,5 86,0 86,8 86,1 84,9 83,7 82,4 80,0 77,6 751 72,7
[} -30 28,5 86,8 86,5 85,7 84,5 83,3 82,1 79,6 77,2 74,9 72,5
< 40 28,5 86,5 86,2 85,4 84,2 83,0 81,8 79,3 77,0 74,6 72,3
< 40

Copyright © 2014 SAE International

Hydrogen Fusling Infrastructure Research Station Technology




‘New version of CSA HGV 4.3 under developmenté

to harmonize with SAE J2601-2014 HFIRST

CSA HGV 4.3 defines three sets of tests to verify compliance
with SAE J2601 http://publicreview.csa.ca/

4 Y ¢ Y 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
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http://publicreview.csa.ca/

matrix is defined to include ;
H2FIRST
all statlon options in minimum number of tests 'J‘ 2 i

Tests should capture all of the following Fueling protocol tests must validate that
options available on the dispenser tables are selected properly
e Comm/Non-comm fueling e APRR, including interpolation

e Pressure class (H35, H70) e Fueling ends properly
e Fuel delivery temperature (T40, T30, T20) — Target Pressure, including

e CHSS size category (2-4, 4-7, 7-10 kg (H70)) interpolation
— 95-100% SOC (Communication)

e Fallback, Top-off, Cold Dispenser
* No Fueling

Station Example 2: All Functions Except T30 and T20 Fuel Delivery Temp. Category

Test Comm. Pressure | Fuel Delivery CHSS Ambient Initial Test

# Class Temperature Capacity | Temperature CHSS Procedure

Category Category Pressure

D1 | Non-Comm H35 T40 Small Ta1 Po1 8.5.1
D22 Comm H70 T40 Medium Tz Po2 8.5.2
D25 | Non-Comm H70 T40 Large Taz Poa 8.5.1
D25 | Non-Comm H70 T40 Large Taz-5°C P.s +5 MPa 8.5.2
Rep

NF | Non-Comm H35 T40 Medium Tanr Ponr 8.5.2
HP Comm H70 T40 Large Tanr Pone 8.5.1
PC Comm H70 T40 Small Tapc Porc 8.5.1
Fall Comm H70 T40 Medium Taraliback Poraliback 8.5.3
back

Top Comm H70 T40 Medium Tatoport L — 8.5.4
off
Cold | Non-Comm H70 T40 Medium Taco Poco 8.5.5
Disp

CSA copyright and Subject to Change
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for test selection

yStEP Device harmonized with CSA HGV 4.3 zgﬁznkg

H2Fuel ‘ H2Defuel | Purge | .| ESD_MON Error [N
Tankl Ta nk2 Tank3 Tank Selection 1 ? Cancel Prep. ;
» » ’ » Fuel Test | —
_»®»( »
TestDuration HH:MM:SS 2 Start Test
| Cornm Maode 1 158
[Z] PopTestTypesNames_vl.vi |23
Communication_Tests ‘ﬂ Fueling_Protocol_Tests .ﬂ Faults_Detection_Tests ‘Ll
)| ABORT_Signal NonComm_Fueling CHSS_Limits
HALT_Signal Comm_| ng Amb_Temp_Limits
Data_Loss Repeat_Table Min_Fuel_Temp
CRC No_Fueling CHSS_Gas_Temp
Faulty_Data HP_Capacity Min_Init_Press
PC_Capacity Max_CHSS_Press
Fallback Max_SOC
TopOff Misc_Test
Cold_Dispenser
hd x Ad
V4 SELECT TEST TYPE
ToToTTr T_ITELS
MP | [067.8 103 | [e78 | 590 | [116 | 336 | |33o6 |

tion Technology



o carry out CSA HGV 4.3 tests, the operator SH,FIRST
will use the HyStEP touchscreen control panel

Fueling Tab  Defueling Tab N2 Purge Tab Tabs for viewing data and alarm status
\ v / / and sending IR signals manually
H2Fuel ‘ H2Defuel ] Purge [ . ESD_MON Error
Tankl Tank2 Tank3 Tank Selection 1 [ Prep. Fuel Test
. - |
Tank selection—>> (__®» _®» ( » &
TestDuration HH:MM: 2 Start Test
Comm mode; — <°m;ff°°‘e Hot Abon
Halt and Abort T (B | Testhame ’
Non Comm. Mode Comm_Fueli @' ( & 0ar ‘
Commands | _—
\vrm\G,.p..s]m\l,m\o.ﬂwumm m
Unite: P I S P_tankl T inletl T_tankla T_tanklb N
Gas [00 |Haconct ‘i GASH2 - ' i} i 605 57 412 ||412 o
H, Detectors — o Piping and
| _:m:n instrumentation
= i TNKL_AVS diagram:
Ambient temp; T 1189 —— g
i U AV.ACK . DOOR_MON P_tank2 T_inlet2 4;7a 4?7 ® ReceptaC|e P &
Alarms — 60.7 -45 - ‘ . : T
“7° J i ' ] >~ « Valve status
1 —— : * Tank inlet P& T
. - . TNK2_AVS
Transmitted ] = [oyna e e . o R—— * Internal tank
. p- S - _tan T_inlet3
IR signal e ({6650 79 | [660 607 | [26 422 _[jj422 gas T
MT [265.3 | - « SOC
= O—— etk .
L2 &] . RECEP_AVS ,
J
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For fault detection and communication tests, ABHFIRST

the IrDA tab is used to manually send field values

20 (i )

H2Fuel ' H2Defuel | Purge |

Tankl Tank2

=

N

TestDuration HH:MM:SS

Comm. Mode

Non Comm. Mode

C .) C .) TestName

Comm_Fueling

Process | Graphs | Alarms IrDA ‘Data|Health|Eng'meer’l\g[

EnableSAEOverride

CRC Corrupt
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California Environmental Protection Agency |

@B Air Resources Board HySt E P Sched u I e ﬂ)HzFIRST i

Validation and Station Testing

Validation Field Validation CA Station Testing
testing SCAQMD CARB/DMS
NREL Various Stations

N

T TI LT
e

Voo

Up to 20 stations scheduled for

Sh?;i?swn v ::_idelg commissioning in Feb-May
alidation :
timeframe
CSULA Air Liquide

< 2015 >< 2016 >

S e s :
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Questions? OHLFIRST]

T
( ‘H’ |‘I] il

\ M‘M \M[‘ :\‘ “ ‘

Hydrogen Fuefing Infrastructure Research Station Technology



HoFIRST

BACKUP
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California Environmental Protection Agency -

i | California Station Operational Schedule /f HzFIRST ]
February — March 2016 '

February Lake Forest First Element Fuel
1 Lawndale APCI
2 Foster City & San Ramon Linde
2 LA Hollywood First Element Fuel
3 LA Lincoln First Element Fuel
3 LA Woodland APCI
3 Orange Hygen
4 San Diego First Element Fuel
March 2 South Pasadena First Element Fuel
4 Redwood City, Laguna Nigel First Element Fuel
4 Palo Alto Air Liquide
4 Redondo Beach APCI

2 National Laboratories N Hydrogen Fusling Infrastructure Research Station Technology



California Environmental Protection Agency =

@=Air Resources Board
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HyStEP Testing Plan/Schedule

ABHFIRST

Month/week Activity Schedule Parallel Meetings

Oct5-9

Oct 12 - 15

Oct 19 - 20

Oct 21 — Nov 25

Nov 23 - 27

Nov 30 — Dec 4

Dec 7-11

Dec 14 - 18

Dec 21 -Jan 1

Jan4 - 8

Jan 11 -15

Jan 18 — 22

Jan 25 - 29

Ship Powertech to NREL
Prepare install inspect HyStEP
Powertech train NREL Operators
5+ weeks Validation at NREL
Thanksgiving week

CA Operator training at NREL

Ship NREL to CSULA

CSULA Shakedown, Testing, Analysis
Christmas/New Years Holiday weeks
OEM/HyStEP Validation/Analysis APCI/SCAQMD
OEM/HyYStEP Validation/Analysis APCI/SCAQMD

OEM/HyStEP validation Air Liquide/Anaheim

OEM/HyStEP validation Air Liquide/Anaheim

CaFCP ST & Exec Team meeting
*FCS Nov 16 — 19, LA Auto show
LA Auto Show

ISO 197 meeting 30 — 4
CaFCP WG 2 -3

HSP Meeting

Optional Data Discussions
Field testing

Data Analysis

Field testing

Data Analysis

Hydrogen Fueling Infrastructure Research Station Technology



—

California Environmental Protection Agency

o AirResources Boare HyStEP Draft Reports AHoFIRST
Summary Test Report

List of Potential Tests (ignore columns on right)

Test | Clause | # of Tests Pass/ Fail Motes
General Fault Detection Tests

CHSS Storage Limits 7.1.1

Ambient Temperature Limits 712

Pinimum Fuel Delivery Temperature 713

CHSS Gas Temperature 7.1.4

Minimum Initial CHSS Pressure 7.1.5

Maximum CHS5 Pressure 716

Maximum State of Charge 7151

Table Based Communications Testing

ABORT Signal Test 871

HALT Signal Test B7.2

Data Loss Test and then ABORT Test 873

Oata Loss Test and then RESUMED Test 274

Faulty Data Test 875

CRC Test HMK

Table Based Fueling Protocol Testing

Fueling Test without Communications 851

Fueling Test with Communications 852

Additional Tests — Repeated Table 825

Additional Tests — Mo Fueling (MF) Test 836

Additional Tests—High Pressure (HP) B27

Capacity Test

Additional Tests—Pre-Cooling (PC) 828

Capacity Test

Fuel Delivery Temperature Fallback Test 853

Top Off Fueling 854

Cold Dispenser Test 855

ructure Research Station Technology




Data can be viewed real-time using the Graphs
tab, or after testing with the data viewer

AHFIRST

TOMS File Viewer i
File contents “ || Properties | Values (table) | Analog values (graph) 816 Current File Size (KB)
—+-+ DataRepository_PLI_123456.tdms
b 2015-09-15-13:23:23 < 4[] gy
e 2015-09-15-13:29:35 :."Zc' 100- -+
= =
P_recep ™, 90-
P_tankl %) = h
P_tank2 2 80— SOC
" ko y Tank/Receptacl
- H2_concl %) 70- an ecep acle
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T_tanklb o e e |
T inletl S g <€— Tank Temps
T tank2a
- T_tank2b T -
T inlet2 g zl
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- — 10_ —
501 5] E ﬂf”
50C.2 S o
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- -10-
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EENPﬁ_iE - \ \ — P
RECEP_AVS 3 3- N e Pt <—— Receptacle Temp
TNKL_AV c A
TNIZ_AV "‘:n
THES AV -40-4 1 1 ] 1 | 1 |
R oy 1:31:41.888 PM 1:33:20.000 PM1:34:10.000 PM 1:35:00.000 PM 1:35:50.000 PM 1:37:02.788 PM
v I 9/15/2015 9/15/2015 9/15/2015 9/15/2015 9/15/2015 9/15/2015
FC =
- MP _
S MT v ‘ Settings... ‘ Loaded values 0 ... 100000 ~lose and Save Data ‘Quit (no save)
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