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ÅT-FORCE was created to provide training, 
close gaps, and ensure a robust workforce 
for the new propulsion systems

ÅTheprogram works by collecting and 
managing data, developing course 
curriculum, co-creating and supporting 
apprenticeship programs, strategizing 
career progression, developing ZEB 
certification, and providing technical 
support and subject matter expertise 

T-FORCE Overview
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How ZEB Systems Differ

ÅPowertrain ςpower supplied by ESS.

ÅHigh-voltage batteries - ESS replaces on-
board fuel.

ÅHydrogen Fuel Cell and High-pressure 
Tanks

ÅBattery management system (BMS) ς
Manages control of HV batteries, 
including enabling/disabling packs, 
cooling, and fault management.



Similar Systems to ICE Bus

ÅAir systems / 
Brakes

ÅAxles / 
Steering

ÅLow-voltage 
system

ÅGrounding

ÅMUX / CAN

ÅCooling 
system

ÅSuspension

ÅDoors

ÅADA 
equipment
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ÅHigh-voltage (HV) 
batteries.

ÅEach HV battery pack 
consists of modules and 
cells

ÅESS equivalent to on-
board fuel

ÅVarious locations on 
bus

Energy Storage System (ESS)
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ÅVarious controllers are used throughout 
the bus

ÅUsed to monitor and control the HV and 
LV power

ÅEnsures safe operation of all bus 
subsystems

Electronic Controllers
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High -Voltage Cables

ÅTransports HV energy to HV 
components

ÅCovered with orange insulation or 
looming

ÅSeparated from LV cables to prevent 
EMI



High -Voltage Junction Box (HVJB)

ÅAKA: HV Distribution Box

ÅSafely distributes HV from ESS to HV 
components

ÅContains fuses, contactors, voltage 
sensors, current sensors, allowing for 
complete control of HV energy

ÅAccess requires special PPE and 
training
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ÅElectrical switching device

ÅLV power (12/24V) controls HV 
switching function of the contactor 

ÅHV equivalent of LV relays and 
switches

ÅContains special provisions for arc-
control

Contactors
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ÅChanges DC voltage to 3-phase AC

ÅAC voltage supplied to electric motor to 
generate movement

ÅMultiple inverters that perform different 
tasks

Inverters
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Traction Motor

ÅUses AC voltage from an inverter for 
torque to turn wheels

ÅReplaces traditional diesel engine

ÅBEBs may have up to 3 traction motors

ÅDesign varies



DC-DC Converters

ÅChange HV DC to LV DC

ÅReplaces alternator

ÅCharges LV batteries, and supplies 
LV power when the HV system is 
enabled

ÅNumber of converters depend on 
the LV load
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ÅProvides power to the 
ESS to drive the electric 
propulsion system

ÅCan be considered the 
onboard charger

ÅThe process of 
combining H2 with O 
generates an electric 
charge

Hydrogen Fuel Cell
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ÅConnects depot charging equipment BEB

ÅFacilitates CAN communication between 
vehicle charge controller and charging 
equipment

ÅSAE J1772 CCS Type-1 DC Fast Charge

ÅUp to 360kW

Manual Charge Port
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Overhead Charging

ÅTwo common pantograph options:
ÅInverted (bus-down)
ÅJ3105-1

ÅRoof-mounted (bus-up)
ÅJ3105-2

ÅOn-route and depot charging.

ÅAllows option to install more powerful 
chargers:
o 350kW max
o 1200kW max

Roof -mounted pantograph Inverted pantograph



Inductive Charging

ÅOn-route and depot charging

ÅElectromagnetic field generated through 
road surface windings

ÅBus receiver system turns electromagnetic 
field into energy for ESS charging

ÅSimilar technology used in charging cell 
phones

ÅSAE J2954
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ÅPower generated from the engine 
transferred to axle then the wheels 
through torque converter.

ÅUses energy stored in the ESS to 
power a traction motor which is 
connected directly to the drive axle.

ÅWhen ESS depletes charge, it is 
recharged through dedicated 
charging system that is connected 
to the local power grid. 

Theory of Operation
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ÅBattery, Simplified Inverter and Traction 
Motor

ÅIGBTs as switches

Å3-phase inverter switches HV DC energy 
on/off to create an AC signal

Inverters

Introduction & System Familiarization

A+ B+ C+

A- B- C-

A

B

C

VLINK

SIMPLIFIED AC MOTOR CIRCUIT

Power Regulation
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Inverters

ÅRotor turned when power is suppled 
to coils which generating magnetic 
field in each

ÅPattern alternates to continue 
rotation of the rotor

ÅEach phase of positive and negative 
IGBTs must not be switched on at 
the same time



Traction Motors

ÅAlternating currentapplied to stator windings 
to produce rotating magnetic field in the rotor

ÅMagnetic attraction makes rotor to follow 
stator

ÅSlip: When rotor turns at slower speed than the 
alternating magnetic field of the stator

ÅNo slip means no current, which means no 
torque

ÅCooling essential for proper operation and will 
be covered later in this lesson
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ÅController performs 
initial safety checks

ÅContactors in HV 
batteries are closed

ÅPower then supplied to 
HV system

Power Flow
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ÅESS sends power to HVJB for distribution to HV 
substations

ÅHVJB contains fuses, contactors, and sensors

ÅFirst point of HV energy after the batteries

Power Flow
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Power Flow

ÅHVJB supplies power to TM and 
inverter to provide acceleration 
to move the bus.



Power Flow

ÅHVJB also distributes HV power to 
the various HV subsystems, such as:

o Power Steering
o HVAC
o Air Compressor
o BMS Heater/Chiller
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ÅAcceleration:
o HV batteries provide 

energy to the TM, 
which provides 
torque effort to the 
drive axle and wheels

ÅRegenerative Braking:
o Energy flow  is 

reversed, and the 
traction motor 
becomes a generator, 
charging the batteries

Acceleration and Braking
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ÅTraction motors use two levels of electrical energy: 
o Low voltage - Control
o High voltage - Movement

ÅTwo separate systems work together
o Low voltage on transit vehicles is generally 12/24VDC
o High voltage side generally 650-750 VDC range

Traction Motors
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High Voltage

ÅHigh voltage on EVs is any voltage over 
50V

ÅCommon BEB energy storage systems 
can total between 100-800 kWh 
(kilowatt-hours)

ÅAll high-voltage components or 
enclosures will have warning labels or 
indicators



Effects of High Voltage

Å5 milliamps - Slight shock, not necessarily painful 

Å6 to 30 milliamps ςLight pain and muscle shock

Å50 to 150 milliamps - Severe muscle 
contractions, may experience respiratory arrest

Å1000 to 4300 milliamps (1A - 4.3A), ventricle 
fibrillation, likely lethal

Å10 amps or more causes severe internal and 
external burn(s); certainly lethal
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ÅHazard - something that 
can cause harm 
Å Hazard Identification 

means spotting and 
identifying hazards; 
electrical, chemical, etc. 

ÅRisk - the chance that 
any hazard will cause 
harm 
Å Risk assessments are a 

necessary workplace 
safety practice ς
especially when working 
on HV (NFPA 70E ς
Article 320)

Safety Considerations, Hazards, 

and Risks
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ÅPredict
o i.e., calculate and validate any potential hazards or risks to determine the 

potential severity of injury and/or damage.

ÅPrevent
o Mitigate the chances of incidents using principles of prevention. Similar tothe 

hierarchy of controls when planning, designing and eliminating risks.

ÅProtect
o Reduce risks and hazards with protection and/or the proper PPE, especially if 

risks cannot be eliminated or removed.

ÅPublish
o Refers to the collection of information and materials for risk assessment for use 

in training, messaging, and procedures associated with hazards and risks.

4 Põsof Safety



T ORCE
Transit  Institute  for  Competitive  Energy

Arc Flash Boundaries

ÅArc Flash Protection Boundary
o The farthest boundary from any 

energized equipment or area. Should 
not be crossed unless you have 
appropriate PPE.

ÅLimited Approach 
o The distance where any barriers 

should be set up to offer protection at 
a safe distance for others not working 
on or around the energized 
equipment. 
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Arc Flash Boundaries

ÅRestricted Approach
o Boundary distance of an increased 

shock hazard & risk. Only qualified 
personnel should be allowed entry, 
wearing the required PPE.

ÅProhibited Approach 
o The distance where any barriers 

should be set up to offer protection at 
a safe distance for others not working 
on or around the energized 
equipment. 



H2 Detectors

ÅMade to detect hydrogen using an 
electrochemical cell sensor

ÅDesigns vary, but must be installed throughout 
shops to detect leaks

ÅH2 fires are invisible which necessitate this device

ÅWooden broom: the acoustic detector
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ÅFor H2 fueling and storage

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

Blast Wall
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Safety Barricade

ÅOSHA Standard 1926.968
o ! ōŀǊǊƛŎŀŘŜ ƛǎ ŎƻƴǎƛŘŜǊŜŘ άŀ ǇƘȅǎƛŎŀƭ 

obstruction such as tapes, cones, or 
A-frame type wood or metal 
structures that provides a warning 
about, and limits access to, a 
hazardous areaΦέ

o

ÅThe standard minimum distance to place 
the barrier is 4ft.



Class 0, High -Voltage Gloves

ÅHV Rubber gloves (and leathers that 
should be worn over top of the rubber 
gloves) are the foundational PPE when 
working in and around HV equipment

ÅThe color of the rubber can vary, but 
label is specified by the ASTM standard 
that defines the safe work limits: 
1000VAC and 1500VDC in most BEB 
cases

ÅDo not use nitrile shop gloves in place 
of Class 0 Rubber Gloves.
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ÅNot the same as ESD-
rated footwear

ÅGrounded to discharge 
static electricity

ÅComposite and steel 
toes are acceptable

Å Identified by the 
lightning-bolt symbol 
on the tongue

EH-Rated Footwear
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ÅThe category ratings below identify the NFPA70E primary category ratings: 
o PPE Category 0: For Shock hazard only
o PPE Category 1: Minimum Arc Rating = 4 calories/cm2 
o PPE Category 2: Minimum Arc Rating = 8 calories/cm2 
o PPE Category 3: Minimum Arc Rating = 25 calories/cm2 
o PPE Category 4: Minimum Arc Rating = 40 calories/cm2 

ÅThese 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

ÅCategory 0 - Shock Hazard PPE includes: 
o HV rubber gloves and leather overlays
o Electrical Hazard [EH] rated safety shoes
o Safety glasses

Category Ratings
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Insulated Rescue Hook

Å!ΦYΦ!Φ {ƘŜǇŀǊŘΩǎ Ƙƻƻƪ

ÅAllows a person to maneuver an 
incapacitated person without exposing 
themselves to the same electrical 
source.

ÅAlternate or supplemental options 
include Kevlar straps woven into arc-
flash suit.



HV Insulated Mat

ÅRubber floor covering or mat that insulates 
in an area with electrical hazards.

ÅMade of blended dielectric materials, 
creating higher internal resistance.

ÅReplace every 3-5 years
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ÅA meter is any device that can be used to take 
measurements

ÅThere are several that measure one specific unit:
o Ammeter ςmeasures current
o Voltmeter ςmeasures only voltage
o Ohmmeter- measures resistance; gives an actual 

resistance unit between two points 
×Megohmmeters- measures very large 

resistances
×Milli-ohmmeter ςmeasures very small 

resistances, often used to verify HV equipment 
repairs

Safety & Testing Equipment

ÅMost common is a digital 
multimeter (DMM or 
DVOM), which combines 
several measuring devices 
into one unit. 
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ÅCAT III 1000V / CAT IV 600V

Å! ƳŜǘŜǊ ǘƘŀǘ Ƙŀǎ άƧŀǿǎέ ǘƻ ŎƭŀƳǇ ŀǊƻǳƴŘ ŀƴ 
electrical component or conductor.

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

Current Probes
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Phase Rotation Mete r

ÅAn instrument that shows the direction 
of the various phases in a circuit or 
ŎƻƳǇƻƴŜƴǘ ƛǘΩǎ connected

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

ÅTypically used for verification of repairs 



Insulated Tools

ÅInsulated hand tools follow ASTM F1505-01 
and IEC 900 standards & necessary for 
compliance with OSHA 1910.333 (c)(2), and 
NFPA 70E.

ÅIt is important to have these insulated 
toolsets available in the shop, but not every 
technician needs their own set
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ÅHV Rubber Gloves
o 6 months from first date of service
o 12 months from stamped date when inventoried
ÅArc-Flash Kits

o 3 years
ÅEH-Rated Footwear

o Replace 1-2 years
ÅHV Insulation Mat

o 3-5 years depending on condition

Recertification / Replacement

ÅRescue Hook
o 2 years
ÅDVOM / DMM

o Calibrate annually
Å Insulated Tools

o 2 years (recertified)
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Building Your Training Plan


