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LDV

2kg-10kg
(A:2-4kg VFS:50-100L)
(B:4-7kg VFS:100-174L)

HDV

10kg-200kg
(VFS=248.6-5,000L)
(TVL=200,250,350,500,799L)

otal Volume

. A 10kg-30kg 10kg-200kg
Nozzle R MR (VF$=248.6-7500) (VFS=248.6-5,000L)
U (TVL=250L) (TVL=200,250,350,500,799L)
L/T, MCF A,B,C L/TD L/TD
H70 NF MCMM B,C MCF D MCF D
JPEC-S 0003(2023) JPEC-S 0003(2023) SAE J2601
NF Single A,B,C L/T MF Single L/T
H70 MF NF Single A,B,C MCF MF Single MCF
(Single) NF Single B,C MCMM MF Single MCMM
MF Fueling Protocol MF Fueling Protocol
MF Twin L/T
H70 MF X 2 MF Twin MCF
(Twin) MF Twin MCMM
MF Fueling Protocol
H70 HF MCF-HF-G
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No 1 2 6 7 8 9

Fueling approach MFx2 | MFx2 NFx2 | NFx2 | NFx2 | NFx2

Precool Category T30 T20 T30 T30 T30 T20

Ambient temp. (deg C) 20 7 8.3 6.5 5.8 8.3

Target APRR (MPa/min) | 11.7 10.9 83 9.2 7.4 8.3 FTCTOHDVEERB
Chiller gas temp. -26°C -25°C -26°C | -26°C | -26°C | -17.5°C

FeiEFE S (MPa)
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P[MPa]

L/TAR
M 4.6MPa/min

¥ R® 5.7 MPa/min

FTC test #9_Conventional method_V=1840L

Pstorage #1
Pstorage #2
Pstorage #3
—P_FCV

® Optimal_P_FCV(switch)

* Optimal_Pstorage(switch)
——Mass Flow rate
~—\alve opening

800

Timel[s]
B: Comp. only = 117[s]

»
Lg

A: Total =730[s]

o
«

¢ 8 & 8 ¥ 8
Mass Flow([g/s), Valve opening[%]

e

P[MPa]
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10.2 Advanced Look-Up Table General (ALUT-G)

10.2.1 Introduction

Clause 10.2 defines a set of table-based fuelling protocols, including their process limits for fuelling of
compressed gaseous hydrogen vehicles at maximum flow rates 60, 90 and 180 g/sec using one or two nozzles
with vehicle fuel system (VFS) volume capacities between £9.7 and 5000 L. Computer modelling has been used
to derive the parameters utilized by the ALUT-G protocol to optimize fuelling performance while ensuring that
the general process requirements of Clause 8 and ALUT-G specific process requirements of D.3.4.12 are always
satisfied.

For non-communications fuelling, the dispenser will stop fuelling when the calculated non-communications
fuelling target pressure is reached For communications fuelling, the dispenser will stop fuelling at a pressure
corresponding to a SOC of 95 to 100%. The dispenser may use vehicle data, including the commumca:ed VES
temperature, to calculate the communications fuelling target pressure corresponding to the target SOC.

However, the ALUT-G protocol also calculates a limit pressure to ensure that the VFS stays within its
operational boundaries, The communications fuelling protocel requirements are defined in 10,2313,

The requirements for the application of the ALUT-G fuelling protocol are contained in 10.2 and Annex D, The
flow charts and order of operations are detailed in D.2, The subroutines containing the control algorithms,
formulas and coefficients utilized are detailed in D.3. D.4 contains the APRRy tables and Pyue conm tables, which
are used to calculate the control parameters.

10.2.2 (Classification

Table 24 provides an overview of the ALUT-G fuelling protocel classification. The ALUT-G fuelling protocols
are applicable to the 70 MPa pressure class (H70). There are three sets of fuelling protocols; FM&0 5, FM30 5,
and FM180 T. FM60 S means flow rate maamum of 60 g/s with a single nozzle, FM90 S means flow rate
maximum of 90 g/s with a single nozzle and FM180 T means flow rate maximum of 180 g/s with twin nozzles,
FM 605 allows fuelling with communications (communication fuelling), without communications (non-
communication fuelling), or with loss of communications (comm-loss fuelling) and provides end-of-fill
pressure targets. As a rule, non-communication fuelling is used only when communication between the vehicle
and the dispenser is not possible. FM90 S and FM180 T allow for fuelling with communications
(communication fuelling) or with loss of communications (comm-loss fuelling) and provides end-of-fill
pressure targets. As a rule, loss of communications fuelling can be used in case all mandatory static data has
been received at the start of the fuelling,

These fuelling protocols utilize numerous process limits on control parameters such as the maximum fuel flow
rate, the rate of pressure increase, and the ending pressure, The control parameters and associated process
limits are affected by factors such as ambient temperature, fuel delivery temperature, ininal pressure, and the
vehicle's VFS capacity.

An important factor in the performance of hydrogen fuelling is the station’s dispensing equipment cooling
capability and the resultant fuel delivery temperature. The fuelling protocols utilize fuel delivery
temperatures in the range of -40 °C 10 -17.5 °C. There are three fuel delivery temperature categories denoted
by a “T" rating - T40D, T30D, T20D, where T40D is the coldest Fuelling times are a function of the fuel delivery
temperature, ambient temperature, inital pressure, VFS volume, and the largest tank or CHSS volume.

Table 24 ALUT-G fuelling protocol classification
Pressure Class 70
FM60S FM390S FM180T
Map Category (Comm. Non-comm & (Comm. & Loss of (Comm, & Loss of
Loss of comm.) comm.) comm.)
Maximum Flow Rate (g/sec) 60 90 180
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28R : TVL=200~800/VFS~5000(L)

‘NEDOE[EEREEELEIEL T, ALUT-GZ’'OMIILELT. ChZEISO-19885-3MIFIC, IBE.

BEHCHOTIE. HDVAAT—33>THELDV(ZESA. I3UT1E)ICETRIETER LN EE,
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RUEFEEIO-Fr—MeERE
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L]

Chedk For Comms and Receive: : s
s2eD331
Fuelling Parameters

*

Check F uelling Param eters and Set

: 2
the ALUT-G Classification seeD.332

¥

Measure Ambient Temperature

L]

Comnection Pulse, Leak Check, and
Determing Initial CHSS Bressune

¥

Initial V_VFS Volume
Estimation and Optional
Communications Physical
Pairing

— seeD335

" Dispenser Start Up
~._ Subroutine passed? _

s
¥

Fueling Pr
ueling Process See D34

[F#ioO0—Fv—H]

[APRRYYY (FEIEEE)]

D.4.4 H70FM60 S Tables

D4.4.1 APRRicvalue for FM60 S
Table D.8 APRR1c value for FM60 S for TVL £250

———
B TMcED " END APRRy. Values (MPa/min)

T — — ", e
f Indicator_Comm_Fill # FM =50 J 2486 500 1500
—_— a0 | ams o)
10.65 834 429
L Set fuslling protocal to H70 FMEQ S e | o B
1358 | o Sor
- s 1501 | 1086 S04
e T SEND FUELING_PARAM_RES=ERROR T S0t
— Nolume ccioe—raT " SEND ERROR_NOTIE= 1831 | 1a7e S04
] °“I5¥,°__“‘_'° ume £5008 na |/ failed_vfs_total_volume_incompat EERTE ey
T T z361 | 1sis 501
ves E , 262 | 15 e
x —{ ABORT FUELLING ) 2730 | 1513 504
A X . EEA AT S0t
! T melary 2948 | 1513 5.04
/ chasvalumetarge e ThssVolu Ii ange [E——— o [ 15 S0t

/ — P e y

M SEND FUELING PARAM_RES=ERROR
SEND ERROR_NOT

failed_chss_volume_large_incompat

TVL = chasVolumeLarge { ABORT FUELLING 'I

/‘—T'YES

T H70?

SEND FUELING_PARAM_RES=ERROR
SEND ERROA_NOTIF=
failed_receptacle_type_incompat

" ABORT FUELLING |

" ves / SEND FUELING_PARAM_RES-ERROR
SEND ERROR_NOTIF=

oL
P N
L~ =/

failed_flow_rate_man_incompat

SEND 4 £

FUELING_PARAM_RES=01.60.0.500 / r -
Set Indicator_Comm_Fill = FALSE

Subrouting

Set fuelling protocol to H70 FMEGD S

Figure D.1 High-level flow chart for the ALUT-G fuelling protocol

Figure D.9 Check Fuelling Parameters and Set the ALUT-G Classification - part 3

(seeD.3.3.2

(¥ TEHIYT (BIF)]

D.4.4.2  Plimit comm Value for FM60 §
Table D.10 Pimit comm value for FM60 S

w70 Communications Fuelling Pressure Limit, Pium comes [MPa
FM60S Initial Tank Pressure, Pjyq, [MPal
Comm
=5 | 10 [ 15 20 30 40 50 60 70 | >70

o fuelling| no fuelling o fuelling] no fuell fuelling| no fuelling| no fuell no fuelling]
86.2 45 | 834 | 822 | 809 |nofueling]
5 86.2 4.1 | 828 | 814 | 796 |nofeling]
859 33 | 818 | 802 | 78.1 [nofueling]
K} 859 32 | 817 | 801 | 78.1 [nofueling]
P 856 826 | 810 | 792 | 77.1 |notueling
s 853 820 | 80.2 | 783 | 760 |nofeliag
g 812 84.7 812 | 79.3 | 77.4 | 750 |nomeling
£ 839 800 | 78.0 | 759 | 734 |nofueling
I 823 777 | 754 | 72.9 |noueling]no fuelling]
g 82.1 775 | 752 | 72.8 |mofuelling|nofuelling
£ 819 773 75.0 | 72.6 |[nofuelling|no fuelling]
= 817 771 | 748 | 72.4 |nofueling|ne mellng
814 769 | 746 | 72.3 |nofusling]no meling]
o fuelling no fuelling o fuclling] no fuell i Tuelling] no fuelling|no fuelli no fuelling]
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