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Overview – Worst Case Boundary Conditions

Absorbs Heat Less Absorbs Heat More
Hotter ending 

gas temperature

Colder ending 

gas temperature

Hot Tank

“Type 4”

Plastic Liner
Cold Tank

Small “Type 3” 

Aluminum Liner

All Vehicle Fuelings Fall Within 

This Range of Boundary Conditions

Hot Soak

Park in the hot sun in summer 

or in heated garage during winter

Cold Soak

Park in the A/C garage

+ Defueling

Drive high speed on 

autobahn (rapid defueling)

Hot Case Cold Case

To Prevent Overheating:  

Pressure Ramp Rate determined by 

Hot Case Boundary Conditions

To Prevent Overfilling:  

End-of-fill pressure target 

determined by Cold Case

Tank is at 

minimum 

pressure

+

Because gas temperature in the tank is unknown, 

worst case assumptions must be used
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Overview – Pressure Ramp Rate & Ending 
Pressure

Hot Case

Vehicle Components

J2601 (Appendix A)

Station Components

J2601 (Appendix A)

Hot Soak 

Assumptions

J2601 (Appendix A)

Initial Pressure

Assumptions

J2601 (Appendix A)

Type IV (2, 4, 7, 10kg)

J2601 (Appendix A)

Reference Pressure Drop

J2601 (Appendix A)

Hot Case

Vehicle Components

J2601 (Appendix A)

Station Components

J2601 (Appendix A)

Cold Soak / Defuel

Assumptions

J2601 (Appendix A)

SOC Limits (Comm & 

Non-Comm)

J2601 (Appendix A)

Type III (1 kg H35 / H70)

J2601 (Appendix A)

Reference Pressure Drop

J2601 (Appendix A)

Cold Case

+

Hot Case Boundary Conditions Cold Case Boundary Conditions

Pressure Ramp Rate Ending Pressure

+

“Actual TPC” – MC Formula

Fuel Delivery Temperature

“Boundary TPC“ – Lookup Tables

Fuel Delivery Temperature

“Boundary TPC“ – Lookup Tables

“Actual TPC” – MC Formula

• In addition to the hot and cold case boundary conditions, the fuel delivery temperature also is used to determine the Pressure 
Ramp Rate and End-of-Fill Pressure Target
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Overview – Pressure Ramp Rate (PRR) Control Pressure

• Table Protocol uses fuel delivery temperature categories, i.e. T40 must keep  -40 °C ≤ Tfuel ≤ -33 °C

• The upper boundary of these categories is used to determine PRR

• MC Formula protocol allows any fuel delivery temperature between -40 °C ≤ Tfuel ≤ -17.5 °C

Table Based Protocol MC Formula Protocol

PRR Based on
Warmest Temp 

(upper boundary) 

Fuel Delivery Temperature 
Categories T40, T30, T20

Tamb

-40C

0 30 s time

Dispenser 
Outlet Temp

-15C

PRR
Based on 

Actual

Tamb

-33C

-40C

0 30 s time

Dispenser 
Outlet Temp

-26C

-17.5C
T20

T30

T40

-17.5 C

-40 C
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Overview – Pressure Ramp Rate (PRR) Control Pressure

• MC Formula protocol reduces fill time because it is directly a function of fuel delivery temperature

• J2601 Table protocol fill time is a function of upper boundary of the fuel delivery category (e.g. T40)

F
u

e
li
n

g
 T

im
e

Fuel Delivery Temperature

-40 °C -33 °C -26 °C -17.5 °C

T20T30T40

J2601 Tables

MC Formula

Fueling Time is the 
same at the 

boundary of fuel 
delivery category

MC Formula Advantage
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Overview – Pressure Ramp Rate (PRR) Control Pressure

• PRR is a function of t-final → t-final = time required to fill from Pmin to Pfinal under hot case 

Table Based Protocol MC Formula Protocol

Fuel Delivery Temp input is constant (boundary)

Therefore, PRR is constant

Fuel Delivery Temp input is variable (actual)

Therefore, PRR is variable

P
final

P
current

P
initial

P
min

t
current

t
final

t

final

final

t

PP
PRR

min−
=

Constant Pressure 
Ramp Rate (PRR)

current

final

initialfinal
final

currentfinal

t
PP
PPt

PP
PRR

−

−
=

















−

−


min

Variable Pressure Ramp Rate (PRR)
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Overview – Pressure Ramp Rate (PRR) Control Pressure

tfinal

Pmin

Pfinal

Pinitial

P

tfinalt0 tfinal

Pmin

Pfinal

Pinitial

P

tfinalt0

Variable Ramp Rate Control

tfinal increasing tfinal decreasing

t
PP
PPt

PP
PRR

final

initialfinal
final

final

−

−
=















−

−


min

• PRR equation determines the rate of change of station 

pressure such that  Pfinal is reached at time tfinal

• PRR is calculated & updated every second
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Overview – Derivation of tfinal

• Computer Simulations conducted to calculate time required (tfinal) under HOT CASE Conditions

• A cubic polynomial regression fit of tfinal vs MAT is utilized → R2 = 0.999
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50  C 45  C 40  C

35  C
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25  C

20  C

15  C

10  C

5  C
0  C

-10  C

-20  C

-30  C-40  C

t f
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Mass Ave of Dispenser Outlet Temp (MAT)

Computer Simulation Method:

Use Hot Case Boundary Conditions

P-final

P-min

t-finalt-0

Tamb

TPC

30

Pre-Cool Temp *

Time

85℃

G
as

 T
em

p
er

at
u

re

Tamb

• Result is a continuous 

equation for each 

ambient temperature

• R2 = 0.999

• 6 fuel delivery temperatures

• 15 ambient temperatures

• 2 initial pressures

• 4 vessel sizes

720 Total Simulations

)()()()()(
23

TambTambTambTambTambfinal dMATcMATbMATat +++=

MAT = Mass Average 

of Dispenser Outlet 

Temperature
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Overview – Calculation of tfinal

• The tfinal value used in the pressure ramp rate equation is determined by the tfinal equation and interpolation on Tamb
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MATC

50C 45C 40C 35C 30C

25C

20C

15C

10C

5C

0C

tfinal(Tamb_above)

tfinal(Tamb_below)

tfinal

MATC

T-amb a b c d
50 4.514388462E-01 -3.145142974E+02 7.306695058E+04 -5.659824740E+06

45 7.049933102E-02 -4.821054939E+01 1.102055079E+04 -8.419924911E+05

40 1.362862549E-02 -8.260815544E+00 1.651200338E+03 -1.084379676E+05

35 4.592256382E-03 -1.807162289E+00 1.120637098E+02 1.411203687E+04

30 4.285982632E-05 1.144067798E+00 -5.267907363E+02 6.026791301E+04

25 2.355885523E-04 7.644968907E-01 -3.838726125E+02 4.511675817E+04

20 2.020835458E-03 -7.232242970E-01 1.741969529E+01 9.783347285E+03

15 3.495653749E-03 -1.986079447E+00 3.646860190E+02 -2.124398236E+04

10 2.325930317E-03 -1.126206134E+00 1.528858512E+02 -3.779522713E+03

5 3.254083778E-03 -1.837957932E+00 3.334329553E+02 -1.895330972E+04

0 4.243090406E-03 -2.780202650E+00 6.113483920E+02 -4.509030496E+04

-10 5.895584098E-03 -4.046795945E+00 9.333096162E+02 -7.226120299E+04

-20 4.886261021E-03 -3.307007199E+00 7.515142270E+02 -5.729865936E+04

-30 5.968674400E-03 -4.154120397E+00 9.708272308E+02 -7.611219657E+04

-40 3.637633333E-03 -2.431360685E+00 5.455303837E+02 -4.105428816E+04

Table of coefficients a, b, c and d  

One table for each tank size (2, 4, 7, and 10 kg)

)()()()()(
23

TambTambTambTambTambfinal dMATCcMATCbMATCat +++=

• Interpolation is used to calculate t-final for the 

ambient temperature

• For a given CHSS volume category, t-final is 

calculated for the upper and lower boundary 

tanks and the most conservative value is used.

Where MATC represents the “mass average dispenser outlet temperature” used as the control input
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Overview – Structure of tfinal Coefficient Tables

• MC Formula uses 8 coefficient tables versus 30 tables for the Lookup Table Method

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 5.1 38.7 38.6 38.4 38.2 38.0 37.9 37.2 36.4 no fueling

45 8.1 38.7 38.6 38.5 38.3 38.0 37.9 37.2 36.4 no fueling

40 11.5 38.8 38.7 38.5 38.3 38.1 38.0 37.1 36.4 no fueling

35 12.4 38.7 38.6 38.4 38.2 37.9 37.8 37.1 36.3 no fueling

30 15.3 38.5 38.4 38.2 37.8 37.5 37.4 36.4 35.7 no fueling

25 18.5 38.4 38.2 38.0 37.5 37.1 36.9 35.7 no fueling no fueling

20 21.8 38.2 38.1 37.7 37.2 36.6 36.4 35.0 no fueling no fueling

10 28.0 37.1 36.7 37.2 36.4 35.7 35.2 33.5 no fueling no fueling

0 28.5 36.7 36.1 36.4 35.4 34.5 34.0 32.0 no fueling no fueling

-10 28.5 36.3 36.8 36.0 34.7 33.3 32.7 30.6 no fueling no fueling

-20 28.5 36.0 36.5 35.7 34.4 32.8 31.6 no fueling no fueling no fueling

-30 28.5 35.5 36.1 35.4 34.0 32.5 31.2 no fueling no fueling no fueling

-40 28.5 35.3 35.9 35.1 33.8 32.3 31.1 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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b
 [

°C
]

H35-T40

2.4-4.2kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget  [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 2.5 38.8 38.7 38.4 38.1 37.8 37.7 37.1 36.4 no fueling

45 4.4 38.6 38.5 38.3 38.1 37.9 37.7 37.1 36.4 no fueling

40 6.4 38.6 38.5 38.3 38.1 37.9 37.8 37.1 36.4 no fueling

35 7.0 38.4 38.3 38.1 37.9 37.7 37.7 37.0 36.3 no fueling

30 8.8 38.2 38.1 37.9 37.6 37.3 37.2 36.4 35.7 no fueling

25 10.9 38.0 37.9 37.7 37.3 36.9 36.7 35.7 no fueling no fueling

20 13.2 37.9 37.7 37.4 37.0 36.5 36.3 35.0 no fueling no fueling

10 16.9 37.6 37.3 36.9 36.2 35.5 35.2 33.5 no fueling no fueling

0 23.6 36.8 37.3 36.6 35.5 34.6 34.1 32.0 no fueling no fueling

-10 25.4 36.6 37.1 36.3 34.8 33.4 32.8 30.6 no fueling no fueling

-20 27.3 36.4 36.9 36.1 34.6 32.9 31.7 no fueling no fueling no fueling

-30 28.5 36.0 36.6 35.8 34.3 32.7 31.4 no fueling no fueling no fueling

-40 28.5 35.8 36.3 35.5 34.1 32.5 31.2 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H35-T30

2.4-4.2kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]
Initial Tank Pressure, P0  [MPa]

Target Pressure,  Ptarget  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 1.0 39.4 39.2 38.9 38.4 38.0 37.6 37.0 36.4 no fueling

45 2.2 38.7 38.6 38.3 38.0 37.7 37.5 37.0 36.4 no fueling

40 3.3 38.5 38.3 38.1 37.9 37.6 37.5 37.0 36.4 no fueling

35 3.5 38.2 38.1 37.9 37.7 37.5 37.4 37.0 36.4 no fueling

30 4.5 37.9 37.7 37.5 37.3 37.0 36.9 36.3 35.7 no fueling

25 5.5 37.6 37.4 37.2 36.9 36.6 36.5 35.7 no fueling no fueling

20 6.7 37.3 37.2 36.9 36.5 36.2 36.0 35.0 no fueling no fueling

10 8.8 36.9 36.6 36.3 35.7 35.2 34.9 33.5 no fueling no fueling

0 13.2 37.1 36.7 36.0 35.2 34.3 33.9 32.0 no fueling no fueling

-10 14.2 36.9 36.5 35.7 34.4 33.5 32.7 30.6 no fueling no fueling

-20 15.2 36.7 36.3 35.5 34.2 33.0 31.5 no fueling no fueling no fueling

-30 16.1 36.3 36.0 35.3 33.9 32.8 31.2 no fueling no fueling no fueling

-40 17.1 36.3 35.9 35.2 33.8 32.6 31.1 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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Initial Tank Pressure, P0  [MPa]

H35-T20

2.4-4.2kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 5.1 42.6 42.6 42.5 42.4 42.2 42.0 41.2 40.5 no fueling

45 8.1 42.6 42.6 42.5 42.3 42.0 41.6 40.6 39.9 no fueling

40 11.5 42.7 42.6 42.4 42.1 41.7 41.2 40.0 39.2 no fueling

35 12.4 42.7 42.6 42.4 42.1 41.6 41.2 40.0 39.1 no fueling

30 15.3 42.7 42.6 42.4 41.9 41.4 40.9 39.6 38.6 no fueling

25 18.5 42.8 42.6 42.4 41.8 41.2 40.6 39.2 no fueling no fueling

20 21.8 42.8 42.7 42.3 41.7 41.0 40.3 38.7 no fueling no fueling

10 28.0 42.9 42.7 42.2 41.5 40.6 39.8 38.0 no fueling no fueling

0 28.5 42.5 42.2 41.7 40.7 39.7 38.7 36.5 no fueling no fueling

-10 28.5 42.3 42.0 41.5 40.6 39.6 38.5 36.4 no fueling no fueling

-20 28.5 42.0 41.8 41.3 40.4 39.4 38.4 no fueling no fueling no fueling

-30 28.5 41.8 41.6 41.0 40.1 39.1 38.2 no fueling no fueling no fueling

-40 28.5 41.6 41.4 40.8 39.9 38.9 38.0 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H35-T40

2.4-4.2kg 

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget  [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 5.1 42.6 42.6 42.5 42.4 42.2 42.0 41.2 40.5 no fueling

45 8.1 42.6 42.6 42.5 42.3 42.0 41.6 40.6 39.9 no fueling

40 11.5 42.7 42.6 42.4 42.1 41.7 41.2 40.0 39.2 no fueling

35 12.4 42.7 42.6 42.4 42.1 41.6 41.2 40.0 39.1 no fueling

30 15.3 42.7 42.6 42.4 41.9 41.4 40.9 39.6 38.6 no fueling

25 18.5 42.8 42.6 42.4 41.8 41.2 40.6 39.2 no fueling no fueling

20 21.8 42.8 42.7 42.3 41.7 41.0 40.3 38.7 no fueling no fueling

10 28.0 42.9 42.7 42.2 41.5 40.6 39.8 38.0 no fueling no fueling

0 28.5 42.5 42.2 41.7 40.7 39.7 38.7 36.5 no fueling no fueling

-10 28.5 42.3 42.0 41.5 40.6 39.6 38.5 36.4 no fueling no fueling

-20 28.5 42.0 41.8 41.3 40.4 39.4 38.4 no fueling no fueling no fueling

-30 28.5 41.8 41.6 41.0 40.1 39.1 38.2 no fueling no fueling no fueling

-40 28.5 41.6 41.4 40.8 39.9 38.9 38.0 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H35-T40

2.4-4.2kg 

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget  [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 5.1 42.6 42.6 42.5 42.4 42.2 42.0 41.2 40.5 no fueling

45 8.1 42.6 42.6 42.5 42.3 42.0 41.6 40.6 39.9 no fueling

40 11.5 42.7 42.6 42.4 42.1 41.7 41.2 40.0 39.2 no fueling

35 12.4 42.7 42.6 42.4 42.1 41.6 41.2 40.0 39.1 no fueling

30 15.3 42.7 42.6 42.4 41.9 41.4 40.9 39.6 38.6 no fueling

25 18.5 42.8 42.6 42.4 41.8 41.2 40.6 39.2 no fueling no fueling

20 21.8 42.8 42.7 42.3 41.7 41.0 40.3 38.7 no fueling no fueling

10 28.0 42.9 42.7 42.2 41.5 40.6 39.8 38.0 no fueling no fueling

0 28.5 42.5 42.2 41.7 40.7 39.7 38.7 36.5 no fueling no fueling

-10 28.5 42.3 42.0 41.5 40.6 39.6 38.5 36.4 no fueling no fueling

-20 28.5 42.0 41.8 41.3 40.4 39.4 38.4 no fueling no fueling no fueling

-30 28.5 41.8 41.6 41.0 40.1 39.1 38.2 no fueling no fueling no fueling

-40 28.5 41.6 41.4 40.8 39.9 38.9 38.0 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H35-T40

2.4-4.2kg 

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget  [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 5.1 38.7 38.6 38.4 38.2 38.0 37.9 37.2 36.4 no fueling

45 8.1 38.7 38.6 38.5 38.3 38.0 37.9 37.2 36.4 no fueling

40 11.5 38.8 38.7 38.5 38.3 38.1 38.0 37.1 36.4 no fueling

35 12.4 38.7 38.6 38.4 38.2 37.9 37.8 37.1 36.3 no fueling

30 15.3 38.5 38.4 38.2 37.8 37.5 37.4 36.4 35.7 no fueling

25 18.5 38.4 38.2 38.0 37.5 37.1 36.9 35.7 no fueling no fueling

20 21.8 38.2 38.1 37.7 37.2 36.6 36.4 35.0 no fueling no fueling

10 28.0 37.1 36.7 37.2 36.4 35.7 35.2 33.5 no fueling no fueling

0 28.5 36.7 36.1 36.4 35.4 34.5 34.0 32.0 no fueling no fueling

-10 28.5 36.3 36.8 36.0 34.7 33.3 32.7 30.6 no fueling no fueling

-20 28.5 36.0 36.5 35.7 34.4 32.8 31.6 no fueling no fueling no fueling

-30 28.5 35.5 36.1 35.4 34.0 32.5 31.2 no fueling no fueling no fueling

-40 28.5 35.3 35.9 35.1 33.8 32.3 31.1 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H35-T40

2.4-4.2kg 

non-
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Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget  [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 2.5 38.8 38.7 38.4 38.1 37.8 37.7 37.1 36.4 no fueling

45 4.4 38.6 38.5 38.3 38.1 37.9 37.7 37.1 36.4 no fueling

40 6.4 38.6 38.5 38.3 38.1 37.9 37.8 37.1 36.4 no fueling

35 7.0 38.4 38.3 38.1 37.9 37.7 37.7 37.0 36.3 no fueling

30 8.8 38.2 38.1 37.9 37.6 37.3 37.2 36.4 35.7 no fueling

25 10.9 38.0 37.9 37.7 37.3 36.9 36.7 35.7 no fueling no fueling

20 13.2 37.9 37.7 37.4 37.0 36.5 36.3 35.0 no fueling no fueling

10 16.9 37.6 37.3 36.9 36.2 35.5 35.2 33.5 no fueling no fueling

0 23.6 36.8 37.3 36.6 35.5 34.6 34.1 32.0 no fueling no fueling

-10 25.4 36.6 37.1 36.3 34.8 33.4 32.8 30.6 no fueling no fueling

-20 27.3 36.4 36.9 36.1 34.6 32.9 31.7 no fueling no fueling no fueling

-30 28.5 36.0 36.6 35.8 34.3 32.7 31.4 no fueling no fueling no fueling

-40 28.5 35.8 36.3 35.5 34.1 32.5 31.2 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H35-T30

2.4-4.2kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]
Initial Tank Pressure, P0  [MPa]

Target Pressure,  Ptarget  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 1.0 39.4 39.2 38.9 38.4 38.0 37.6 37.0 36.4 no fueling

45 2.2 38.7 38.6 38.3 38.0 37.7 37.5 37.0 36.4 no fueling

40 3.3 38.5 38.3 38.1 37.9 37.6 37.5 37.0 36.4 no fueling

35 3.5 38.2 38.1 37.9 37.7 37.5 37.4 37.0 36.4 no fueling

30 4.5 37.9 37.7 37.5 37.3 37.0 36.9 36.3 35.7 no fueling

25 5.5 37.6 37.4 37.2 36.9 36.6 36.5 35.7 no fueling no fueling

20 6.7 37.3 37.2 36.9 36.5 36.2 36.0 35.0 no fueling no fueling

10 8.8 36.9 36.6 36.3 35.7 35.2 34.9 33.5 no fueling no fueling

0 13.2 37.1 36.7 36.0 35.2 34.3 33.9 32.0 no fueling no fueling

-10 14.2 36.9 36.5 35.7 34.4 33.5 32.7 30.6 no fueling no fueling

-20 15.2 36.7 36.3 35.5 34.2 33.0 31.5 no fueling no fueling no fueling

-30 16.1 36.3 36.0 35.3 33.9 32.8 31.2 no fueling no fueling no fueling

-40 17.1 36.3 35.9 35.2 33.8 32.6 31.1 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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Initial Tank Pressure, P0  [MPa]

H35-T20

2.4-4.2kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 5.1 42.6 42.6 42.5 42.4 42.2 42.0 41.2 40.5 no fueling

45 8.1 42.6 42.6 42.5 42.3 42.0 41.6 40.6 39.9 no fueling

40 11.5 42.7 42.6 42.4 42.1 41.7 41.2 40.0 39.2 no fueling

35 12.4 42.7 42.6 42.4 42.1 41.6 41.2 40.0 39.1 no fueling

30 15.3 42.7 42.6 42.4 41.9 41.4 40.9 39.6 38.6 no fueling

25 18.5 42.8 42.6 42.4 41.8 41.2 40.6 39.2 no fueling no fueling

20 21.8 42.8 42.7 42.3 41.7 41.0 40.3 38.7 no fueling no fueling

10 28.0 42.9 42.7 42.2 41.5 40.6 39.8 38.0 no fueling no fueling

0 28.5 42.5 42.2 41.7 40.7 39.7 38.7 36.5 no fueling no fueling

-10 28.5 42.3 42.0 41.5 40.6 39.6 38.5 36.4 no fueling no fueling

-20 28.5 42.0 41.8 41.3 40.4 39.4 38.4 no fueling no fueling no fueling

-30 28.5 41.8 41.6 41.0 40.1 39.1 38.2 no fueling no fueling no fueling

-40 28.5 41.6 41.4 40.8 39.9 38.9 38.0 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H35-T40

2.4-4.2kg 

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget  [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 5.1 42.6 42.6 42.5 42.4 42.2 42.0 41.2 40.5 no fueling

45 8.1 42.6 42.6 42.5 42.3 42.0 41.6 40.6 39.9 no fueling

40 11.5 42.7 42.6 42.4 42.1 41.7 41.2 40.0 39.2 no fueling

35 12.4 42.7 42.6 42.4 42.1 41.6 41.2 40.0 39.1 no fueling

30 15.3 42.7 42.6 42.4 41.9 41.4 40.9 39.6 38.6 no fueling

25 18.5 42.8 42.6 42.4 41.8 41.2 40.6 39.2 no fueling no fueling

20 21.8 42.8 42.7 42.3 41.7 41.0 40.3 38.7 no fueling no fueling

10 28.0 42.9 42.7 42.2 41.5 40.6 39.8 38.0 no fueling no fueling

0 28.5 42.5 42.2 41.7 40.7 39.7 38.7 36.5 no fueling no fueling

-10 28.5 42.3 42.0 41.5 40.6 39.6 38.5 36.4 no fueling no fueling

-20 28.5 42.0 41.8 41.3 40.4 39.4 38.4 no fueling no fueling no fueling

-30 28.5 41.8 41.6 41.0 40.1 39.1 38.2 no fueling no fueling no fueling

-40 28.5 41.6 41.4 40.8 39.9 38.9 38.0 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H35-T40

2.4-4.2kg 

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget  [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 35 > 35

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 5.1 42.6 42.6 42.5 42.4 42.2 42.0 41.2 40.5 no fueling

45 8.1 42.6 42.6 42.5 42.3 42.0 41.6 40.6 39.9 no fueling

40 11.5 42.7 42.6 42.4 42.1 41.7 41.2 40.0 39.2 no fueling

35 12.4 42.7 42.6 42.4 42.1 41.6 41.2 40.0 39.1 no fueling

30 15.3 42.7 42.6 42.4 41.9 41.4 40.9 39.6 38.6 no fueling

25 18.5 42.8 42.6 42.4 41.8 41.2 40.6 39.2 no fueling no fueling

20 21.8 42.8 42.7 42.3 41.7 41.0 40.3 38.7 no fueling no fueling

10 28.0 42.9 42.7 42.2 41.5 40.6 39.8 38.0 no fueling no fueling

0 28.5 42.5 42.2 41.7 40.7 39.7 38.7 36.5 no fueling no fueling

-10 28.5 42.3 42.0 41.5 40.6 39.6 38.5 36.4 no fueling no fueling

-20 28.5 42.0 41.8 41.3 40.4 39.4 38.4 no fueling no fueling no fueling

-30 28.5 41.8 41.6 41.0 40.1 39.1 38.2 no fueling no fueling no fueling

-40 28.5 41.6 41.4 40.8 39.9 38.9 38.0 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H35-T40

2.4-4.2kg 

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget  [MPa]

Initial Tank Pressure, P0  [MPa]

T40

T30

T20

T40

T30

T20

Non-

Comm Comm

2.4 to 

4.2kg

4.2 to 

6.0kg

H35

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

T40

T30

T20

T40

T30

T20

2 to 

4kg

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

A
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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m
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

A
m
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

4 to 

7kg

Non-

Comm Comm

H70

T40

T30

T20

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling
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H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

A
m

b
ie

n
t 

T
e
m

p
e
ra

tu
re

, 
T

a
m

b
 [

°C
]

H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

0.5 2 5 10 15 20 30 40 50 60 70 > 70

> 50 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

50 3.2 no fueling 77.2 76.8 76.4 76.1 75.7 75.2 74.8 74.3 73.7 72.7 no fueling

45 5.8 75.3 76.5 76.2 75.8 75.8 75.5 75.1 74.9 74.3 73.7 72.7 no fueling

40 8.6 72.2 74.9 76.0 75.7 75.7 75.5 75.1 74.9 74.3 73.6 72.6 no fueling

35 9.7 71.3 74.2 75.8 75.4 75.5 75.4 74.9 74.7 74.1 73.5 72.6 no fueling

30 12.5 69.1 73.2 75.1 74.6 74.8 74.6 73.9 73.7 72.9 72.2 71.3 no fueling

25 15.7 66.4 71.2 74.5 73.9 74.2 73.8 72.9 72.6 71.6 70.9 no fueling no fueling

20 19.3 66.2 70.9 74.0 73.1 73.4 73.0 71.8 71.5 70.3 69.5 no fueling no fueling

10 27.0 66.1 70.9 73.1 71.7 72.0 71.2 70.4 69.2 68.0 66.7 no fueling no fueling

0 28.5 73.8 73.3 72.3 70.4 70.5 69.4 68.1 66.6 65.3 63.9 no fueling no fueling

-10 28.5 73.1 72.6 71.6 71.2 69.7 68.2 66.2 63.9 62.5 61.2 no fueling no fueling

-20 28.5 72.4 71.9 70.9 70.6 69.1 67.6 65.4 62.2 59.7 no fueling no fueling no fueling

-30 28.5 71.4 71.0 70.1 69.8 68.4 67.0 64.8 61.7 58.6 no fueling no fueling no fueling

-40 28.5 70.9 70.5 69.6 69.4 68.0 66.5 64.4 61.4 58.4 no fueling no fueling no fueling

< -40 no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling no fueling

A
m

b
ie

n
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e
m

p
e
ra

tu
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, 
T

a
m

b
 [

°C
]

H70-T40

2-4kg 

non-

comm

Average 

Pressure 

Ramp Rate, 

APRR

[MPa/min]

Target Pressure,  Ptarget [MPa]

Initial Tank Pressure, P0  [MPa]

7 to 

10kg

Tamb a b c d
50 0.18785858 -88.19064583 10272.21117 19464.7701

45 -0.02705752 22.33278267 -5989.611397 526007.029

40 0.02038432 -14.09699213 3277.180652 -255773.303

35 0.00968204 -6.439124138 1447.970832 -109965.163

30 0.00256616 -1.439361381 270.858894 -17180.8432

25 -0.00018982 0.484296451 -181.0149237 18490.2279

20 0.00020773 0.122887714 -79.68959226 9439.97882

15 0.00112368 -0.594126736 103.9966107 -6042.65094

10 0.00132477 -0.779920556 156.7333673 -10806.5585

5 0.0019454 -1.296932896 295.9441294 -23050.0092

0 0.00077381 -0.463294977 96.81387642 -7105.93049

-10 0.00077591 -0.480692912 104.1788985 -7919.14686

-20 -6.73E-04 6.10E-01 -1.70E+02 1.51E+04

-30 0.00021984 -0.077137957 5.172204669 255.685891

-40 0.00023248 -0.072224264 -0.492377902 1148.95092

Tamb a b c d
50 0.18785858 -88.19064583 10272.21117 19464.7701

45 -0.02705752 22.33278267 -5989.611397 526007.029

40 0.02038432 -14.09699213 3277.180652 -255773.303

35 0.00968204 -6.439124138 1447.970832 -109965.163

30 0.00256616 -1.439361381 270.858894 -17180.8432

25 -0.00018982 0.484296451 -181.0149237 18490.2279

20 0.00020773 0.122887714 -79.68959226 9439.97882

15 0.00112368 -0.594126736 103.9966107 -6042.65094

10 0.00132477 -0.779920556 156.7333673 -10806.5585

5 0.0019454 -1.296932896 295.9441294 -23050.0092

0 0.00077381 -0.463294977 96.81387642 -7105.93049

-10 0.00077591 -0.480692912 104.1788985 -7919.14686

-20 -6.73E-04 6.10E-01 -1.70E+02 1.51E+04

-30 0.00021984 -0.077137957 5.172204669 255.685891

-40 0.00023248 -0.072224264 -0.492377902 1148.95092

Tamb a b c d
50 0.18785858 -88.19064583 10272.21117 19464.7701

45 -0.02705752 22.33278267 -5989.611397 526007.029

40 0.02038432 -14.09699213 3277.180652 -255773.303

35 0.00968204 -6.439124138 1447.970832 -109965.163

30 0.00256616 -1.439361381 270.858894 -17180.8432

25 -0.00018982 0.484296451 -181.0149237 18490.2279

20 0.00020773 0.122887714 -79.68959226 9439.97882

15 0.00112368 -0.594126736 103.9966107 -6042.65094

10 0.00132477 -0.779920556 156.7333673 -10806.5585

5 0.0019454 -1.296932896 295.9441294 -23050.0092

0 0.00077381 -0.463294977 96.81387642 -7105.93049

-10 0.00077591 -0.480692912 104.1788985 -7919.14686

-20 -6.73E-04 6.10E-01 -1.70E+02 1.51E+04

-30 0.00021984 -0.077137957 5.172204669 255.685891

-40 0.00023248 -0.072224264 -0.492377902 1148.95092

Tamb a b c d
50 0.18785858 -88.19064583 10272.21117 19464.7701

45 -0.02705752 22.33278267 -5989.611397 526007.029

40 0.02038432 -14.09699213 3277.180652 -255773.303

35 0.00968204 -6.439124138 1447.970832 -109965.163

30 0.00256616 -1.439361381 270.858894 -17180.8432

25 -0.00018982 0.484296451 -181.0149237 18490.2279

20 0.00020773 0.122887714 -79.68959226 9439.97882

15 0.00112368 -0.594126736 103.9966107 -6042.65094

10 0.00132477 -0.779920556 156.7333673 -10806.5585

5 0.0019454 -1.296932896 295.9441294 -23050.0092

0 0.00077381 -0.463294977 96.81387642 -7105.93049

-10 0.00077591 -0.480692912 104.1788985 -7919.14686

-20 -6.73E-04 6.10E-01 -1.70E+02 1.51E+04

-30 0.00021984 -0.077137957 5.172204669 255.685891

-40 0.00023248 -0.072224264 -0.492377902 1148.95092

Tamb a b c d
50 0.18785858 -88.19064583 10272.21117 19464.7701

45 -0.02705752 22.33278267 -5989.611397 526007.029

40 0.02038432 -14.09699213 3277.180652 -255773.303

35 0.00968204 -6.439124138 1447.970832 -109965.163

30 0.00256616 -1.439361381 270.858894 -17180.8432

25 -0.00018982 0.484296451 -181.0149237 18490.2279

20 0.00020773 0.122887714 -79.68959226 9439.97882

15 0.00112368 -0.594126736 103.9966107 -6042.65094

10 0.00132477 -0.779920556 156.7333673 -10806.5585

5 0.0019454 -1.296932896 295.9441294 -23050.0092

0 0.00077381 -0.463294977 96.81387642 -7105.93049

-10 0.00077591 -0.480692912 104.1788985 -7919.14686

-20 -6.73E-04 6.10E-01 -1.70E+02 1.51E+04

-30 0.00021984 -0.077137957 5.172204669 255.685891

-40 0.00023248 -0.072224264 -0.492377902 1148.95092

Tamb a b c d
50 0.18785858 -88.19064583 10272.21117 19464.7701

45 -0.02705752 22.33278267 -5989.611397 526007.029

40 0.02038432 -14.09699213 3277.180652 -255773.303

35 0.00968204 -6.439124138 1447.970832 -109965.163

30 0.00256616 -1.439361381 270.858894 -17180.8432

25 -0.00018982 0.484296451 -181.0149237 18490.2279

20 0.00020773 0.122887714 -79.68959226 9439.97882

15 0.00112368 -0.594126736 103.9966107 -6042.65094

10 0.00132477 -0.779920556 156.7333673 -10806.5585

5 0.0019454 -1.296932896 295.9441294 -23050.0092

0 0.00077381 -0.463294977 96.81387642 -7105.93049

-10 0.00077591 -0.480692912 104.1788985 -7919.14686

-20 -6.73E-04 6.10E-01 -1.70E+02 1.51E+04

-30 0.00021984 -0.077137957 5.172204669 255.685891

-40 0.00023248 -0.072224264 -0.492377902 1148.95092

Tamb a b c d
50 0.18785858 -88.19064583 10272.21117 19464.7701

45 -0.02705752 22.33278267 -5989.611397 526007.029

40 0.02038432 -14.09699213 3277.180652 -255773.303

35 0.00968204 -6.439124138 1447.970832 -109965.163

30 0.00256616 -1.439361381 270.858894 -17180.8432

25 -0.00018982 0.484296451 -181.0149237 18490.2279

20 0.00020773 0.122887714 -79.68959226 9439.97882

15 0.00112368 -0.594126736 103.9966107 -6042.65094

10 0.00132477 -0.779920556 156.7333673 -10806.5585

5 0.0019454 -1.296932896 295.9441294 -23050.0092

0 0.00077381 -0.463294977 96.81387642 -7105.93049

-10 0.00077591 -0.480692912 104.1788985 -7919.14686

-20 -6.73E-04 6.10E-01 -1.70E+02 1.51E+04

-30 0.00021984 -0.077137957 5.172204669 255.685891

-40 0.00023248 -0.072224264 -0.492377902 1148.95092

Tamb a b c d
50 0.18785858 -88.19064583 10272.21117 19464.7701

45 -0.02705752 22.33278267 -5989.611397 526007.029

40 0.02038432 -14.09699213 3277.180652 -255773.303

35 0.00968204 -6.439124138 1447.970832 -109965.163

30 0.00256616 -1.439361381 270.858894 -17180.8432

25 -0.00018982 0.484296451 -181.0149237 18490.2279

20 0.00020773 0.122887714 -79.68959226 9439.97882

15 0.00112368 -0.594126736 103.9966107 -6042.65094

10 0.00132477 -0.779920556 156.7333673 -10806.5585

5 0.0019454 -1.296932896 295.9441294 -23050.0092

0 0.00077381 -0.463294977 96.81387642 -7105.93049

-10 0.00077591 -0.480692912 104.1788985 -7919.14686

-20 -6.73E-04 6.10E-01 -1.70E+02 1.51E+04

-30 0.00021984 -0.077137957 5.172204669 255.685891

-40 0.00023248 -0.072224264 -0.492377902 1148.95092

4 to 

7kg

7 to 

10kg

2kg tank

4kg tank

7kg tank

10kg tank

H35 & H70

P0 < 5MPa P0 ≥ 5MPa

J2601 Lookup Tables MC Formula

2 to 

4kg

30 Tables 8 Tables

CHSS

Volume

Station 

Type

CHSS

Volume

Station 

Type CHSS

Volume
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Overview – How tfinal is used

• tfinal equation coefficients a, b, c, and d are chosen from table and then interpolated on ambient temp

• MAT is calculated continuously and input to tfinal equation to calculate tfinal

• PRR and Control Pressure is calculated as a function of tfinal and current pressure Pcurrent

)()()()()(
23

TambTambTambTambTambfinal dMATcMATbMATat +++=

( )
( )
( ) 








−

−

−


−
=

current

minfinal

initialfinal
final

currentfinal

t
PP

PP
t

PP
PRR

MAT

 )()1()()()1( iiiii ttPRRPP −+= ++

Tamb
MFM TPC

PCurrent

Pressure 

Ramp Rate

Control 

Pressure

Table of Coefficients

Interpolate

a, b, c, d

tfinal

equation

Mass Average of 

Dispenser Outlet 

Temperature
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Overview – Requirements

• Redundance should be used for the fuel delivery temperature measurement – vehicle requirements are same as table-based

TC 1

Heat Exchanger

Dispenser

TC 2

P

TC 3

PLC U

TCamb

Mass 
Flow 

Meter

TCH/E

Tamb

TPC

Station Requirements:

Because the fuel delivery temperature is 

directly used to calculate the pressure 

ramp rate, it should have a high 

reliability, i.e. redundant sensors.

Redundancy

Vehicle Requirements:

Same as Table-based (no additional 

requirements for MC Formula)



13

Acknowledgement and Contact

Acknowledgement:

The development of the MC Formula fueling protocol was supported by Honda R&D Americas LLC.  

A special thanks to the U.S. Department of Energy’s Hydrogen and Fuel Cell Technologies Office, within the Office of Energy Efficiency and 
Renewable Energy for supporting my participation this workshop and ongoing support for my work in standards development organizations.

I would also like to acknowledge Wenger Engineering for supporting the R&D of the MC Formula protocol via computer based fueling
simulations and for their programming of the MC Formula Validation Calculator.

And finally, I would like to acknowledge the members of the SAE Fuel Cell Standards Committee Interface Task Force, which I have had the 
privilege to chair, for volunteering their time and expertise towards the development of the SAE J2601 standard.

Contact:

You can reach me at: steven.mathison@nrel.gov

Notice:

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for the U.S. Department of 
Energy (DOE) under Contract No. DE-AC36-08GO28308. Funding provided by U.S. Department of Energy Office of Energy Efficiency and Hydrogen and 
Fuel Cells Technology Office. The views expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S. 
Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-
up, irrevocable, worldwide license to publish or reproduce the published form of this work, or allow others to do so, for U.S. Government purposes.


