Preparing for an TE) RC E
Electric Fleet |
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Agenda A ZEB Familiarization

A Key Differences and
Similarities

A Safety Basics for ZEBs

A Safety Protocols and PPE

A Building Your Training
Plan

A Your Responsibilities as a
Manager



T-FORCE Overview JHORCE
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AT-FORCE waseated to provide training,
close gaps, and ensure a robust workforce
for the new propulsiorsystems

ATheprogramworks by collecting and
managing data, developing course
curriculum, cecreating and supporting
apprenticeship programs, strategizing
career progression, developing ZEB
certification, and providing technical
support and subject matter expertise




How ZEB Systems Differ
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A Powertraing power supplied by ESS.

A Highvoltage batteries ESS replaces o
board fuel.

A Hydrogen Fuel Cell and Highessure
Tanks

A Battery management system (BMS)
Manages control of HV batteries,
iIncluding enabling/disabling packs,
cooling, and fault management.



Similar Systems to ICE Bus :FE)RCE
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Energy Storage System (ESS) :FI%RCE
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A Highvoltage (HV)
batteries

A Each HV battery pack
- consists of modules and
Module/ \ Ce”S

Bricks

A ESS equivalent to en
boardfuel

ESS/ [multiple]
Strings

A Various locations on
bus




Electronic Controllers :H@RCE
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A Various controllers are used throughout
the bus

A Used to monitor and control the HV and
LV power

A Ensures safe operation of all bus
subsystems




High -Voltage Cables I CE
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A Transports HV energy to HV
components

A Covered with orange insulation or
looming

A Separated from LV cables to prevent
EMI




High -Voltage Junction B
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Contactors THOrRCE
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Inverters

JHORCE
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AChanges DC voltage tepBase AC

AAC voltage supplied to electric motor to
generate movement

AMultiple inverters that perform different
tasks



Traction Motor
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A Uses AC voltage from an inverter for
torgue to turnwheels

A Replaces traditional diesehgine
A BEBs may have up to 3 tractiomotors

A Desigrvaries



DC-DC Converters :F"_(_)RC —
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Hydrogen Fuel Cell :FE)RCE
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A Provides power to the
ESS to drive the electric
propulsionsystem

AIR INTAKE

| EXHAUST SYSTEM

FUEL CELL
MODULE

% A Can be considered the
onboardcharger

A The process of
combining H2 with O
generates an electric
charge




Manual Charge Port :HBRCE
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AConnects depot charging equipment BEB

AFacilitates CAN communication between
vehicle charge controller and charging
equipment

MANUAL 'EHAHGE PORT

H:b L1(CANHI)
3 N(CANLO)

ASAE J1772 CCS TFpeC Fast Charge

D, (© @) i1 3(PE)

B ag)H |4(CP)

AUp to 360kW T —~=X %EE]? |
: y ? i




Overhead Charging

Roof-mounted pantograph

Inverted pantograph

JHORCE
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A Two common pantograph options:
A Inverted (busdown)
A J31051

A Rootmounted (busup)
A J31052

A Onroute and depot charging.

A Allows option to install more powerful
chargers:
0 350kWmax
o0 1200kW max



Inductive Charging :FI'E)RCE
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Theory of Operation




Inverters 1 ‘I%RC E
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SIMPLIFIED AC MOTOR CIRCUIT ABattery, Simplified Inverter and Traction
____________ Power Regulation . ____ MOtOr
v w Y e AIGBTs as switches
= 7 A3-phase inverter switches HV DC energy

on/off to create an AC signal

O\O
O\C
O\C

____________________________________



Inverters 1 ‘IBRC E
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A Rotor turned when power is suppled
to colls which generating magnetic
fleld Ineach

A Pattern alternates to continue
rotation of therotor

A Each phase of positive and negative =2
IGBTs must not be switched on at
the sametime °

0 Reference




Traction Motors




Power Flow JTHORrRCE
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A Controller performs
Initial safetychecks

A Contactors in HV
batteries areclosed

A Power then supplied t
HVsystem




Power Flow 1 CE
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AESS sends power to HVJB for distribution to HV
substations

AHVJB contains fuses, contactors, and sensors

AFirst point of HV energy after the batteries




Power Flow 1HORCE
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A HVJB supplies power to TM and
Inverter to provide acceleration
to move the bus.




Power Flow :FI-E)RCE
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Acceleration and Braking :FE)RCE
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A Acceleration:

o HV batteries provide
energy to the TM,
which provides
torque effort to the
drive axle andvheels

a l " (/I—\ y

Juuiud I

A Regenerative Braking:
o0 Energy flow Is
reversed, and the
traction motor
becomes a generato
charging thebatteries




Traction Motors 1HORCE
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Traction Motors use two levels of electrical energy -
* Low voltage - the “control” side.
* High voltage — the “work” side.

24VDC LOW —=_ HIGH 650 VDC
or PRE AR oo VOLTAGE [
12vDC [ L R LU 750VDC
) A& o i

Reacts to
decisions made
by control side.

Manages the
thought
processes.

ATraction motors use two levels of electrical energy:
o Low voltage Control
o0 High voltage Movement

ATwo separate systems work together
0 Low voltage on transit vehicles is generally 12/24VDC
o High voltage side generally 6560 VDC range



High Voltage
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A High voltage on EVs is any voltage over
50V

A Common BEB energy storage systems
can total between 10800 kWh
(kilowatt-hours)

A All highvoltage components or
enclosures will have warning labels or
iIndicators



Effects of High Voltage :FE)RCE
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EFFECTS OF ELECTRIC SHOCK

L"—* CURRENT IN

\/

' 100 W LAMP CAN
ELECTROCUTE
20 ADULTS

AdANNOYD OL H1vd

< HEART CONVULSIONS
USUALLY FATAL

PAINFUL SHOCK
INABILITY TO LET GO

SAFE VALUES

11N2y15 O1L H1vd

— NO SENSATION

Source: NIH, OSHA, CDC

NOTE: Values given for adult male; values for adult female are slightly lower.




Safety Considerations, Hazards, :HBRCE

a.n d R iS kS Transit Institute for Competitive Energy
A Hazard something that

Physically remove call CaUSdﬂarm
the nozare A Hazard Identification
Reploce the hazard means Spotting and
identifying hazards;
R e electrical, chemical, etc.
T A Risk- the chaqce that
Wto the hazard any hazard wilkause
Chonge work harm

CONTROLS A Risk assessments are

Wpersonol protective necessary workplace
equipment required i
safety practiceg
Source: NIOSH especially when worki

on HV (NFPA 7QE
Article 320
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4 P od Safety

APredict

0 I.e., calculate and validate any potential hazards or risks to determine the
potential severity of injury and/or damage.

APrevent

o0 Mitigate the chances of incidents using principles of preventtmilar tothe
hierarchy of controls when planning, designing and eliminating risks.

AProtect

0 Reduce risks and hazards with protection and/or the proper PPE, especially If
risks cannot be eliminated or removed.

APublish

0 Refers to the collection of information and materials for risk assessment for use
In training, messaging, and procedures assoclated with hazards and risks.



Arc Flash Boundaries :H%RCE
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A Arc Flash Protection Boundary
Limits of Approach 0 The farthest boundary from any
energized equipment or area. Shoul
not be crossed unless you have
appropriate PPE.

o A Limited Approach

~~~~~ "™ 0 The distance where any barriers
should be set up to offer protection ¢
a safe distance for others not worki
on or around the energized
equipment.

Arc Flash
Protection Boundary | imited

’




Arc Flash Boundaries :H%RCE
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A Restricted Approach
0 Boundary distance of an increased
shock hazard & risk. Only qualified
personnel should be allowed entry,
wearing the required PPE.
A Prohibited Approach
“= 0 The distance where any barriers
should be set up to offer protection ¢
a safe distance for others not worki
on or around the energized
equipment.

Limits of Approach

Arc Flash
Protection Boundary [ imited

’




HZ2 Detectors :FI-E)RC -
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9995

71.0°F 04:29




Blast Walll 1HORCE
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AFor H2 fueling and storage

Aln case of rapid expansion of compressed
gas (explosion / blast), localizes and damage
to the confined area




Safety Barricade 1HORCE
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A OSHA Standard 1926.968
o! OFNNAOIRS Aa O0O2y:
Al e obstruction such as tapes, cones, or
A-frame type wood or metal
structures that provides a warning

- " about, and limits access to, a
o o hazardous are@ €
e v T 0
- - g - A The standard minimum distance to place

Zone Zone Zone Zone

the barrier Is 4ft.



Class 0, High -Voltage Gloves :FE)RCE
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ASTM Labeling Chart

Natural Rubber Electncal Insulating Gloves

Proof Test
Volago AL/DC Voltage AC/DC

2,500 / 10,000 500 / 750
5000/ 20000 1,000/ 1500

10,000 / 40,000 7,500 /11280

2000 s200 170002850 Class 0 gloves with a
o 070000 26100727 RED label required.

40,000 / 70,000 36,000/ 54,000



EH-Rated Footwear :FE)RCE
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A Not the same as ESD
rated footwear

A Grounded to discharge

staticelectricity

Composite

A Composite and steel
toes areacceptable

A Identified by the
lightning-bolt symbol
on thetongue

emry——

STORM FASTDRY INSITE RUBBER ELECTRICAL
DEFENDER LINING FOOTBED OUTSOLE HAZARD




Category Ratings

O

©O O O O

JHORCE
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AThe category ratings below identify the NFPA70E primary category ratlngs

PPE Category 0: For Shock hazard only

PPE Category 1: Minimum Arc Rating = 4 calories/cm?2
PPE Category 2: Minimum Arc Rating = 8 calories/cm2
PPE Category 3: Minimum Arc Rating = 25 calories/cm?2

PPE Category 4: Minimum Arc Rating = 40 calories/cm?2

AThese category ratings are the provided requirement to obtain the appropriate

PPE at the amount of energy (measured In calories/cm2) on material or layers that
lead to a 50% reduction of 2nd degree burns

ACategory 0 Shock Hazard PPE includes:

o HV rubber gloves and leather overlays
o Electrical Hazard [EH] rated safety shoes
o0 Safety glasses




Insulated Rescue Hook

[
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Al dYD! @ { KSLI NRQa K2

A Allows a person to maneuver an
Incapacitated person without exposing
themselves to the same electrical
source.

A Alternate or supplemental options
Include Kevlar straps woven into arc
flash suit.



HV Insulated Mat :FF(_)RC -
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Safety & Testing Equipment
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Units display

DC Voltage

Selection dia

Fused inputs 21 4" 4 Lead jacks
For current readings ‘

A Most common is a digital
multimeter (DMM or
DVOI\/I?, which combines

several measuring devices
Into one unit.




Current Probes 1HORCE
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ACAT Il 1000V / CAT IV 600V

Al YSGSNI GKIFOG KFa aelk o
electrical component or conductor.

Alndirectly measures current without the
need for physical contact with a live circuit.




Phase Rotation Meter

A An instrument that shows the direction
of the various phases in a circult or
O2 Y LI Yy Sehoectddl Q a

A Some meters will be able to indicate the
orientation and whether a phase is live
or not

A Typically used for verification of repairs

1TORCE
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Insulated Tools :FE)RC -
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Recertification / Replacement

A Rescue Hook
0O 2years
A DVOM / DMM

o Calibrate annually
A Insulated Tools
0 2 yearyrecertified)




Building Your Training Plan
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