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Executive summary 

The Technology & Maintenance Council (TMC) of American Trucking Associations partnered with 
FPInnovations PIT Group to conduct a market review evaluating the "state of the art" of electromechanical 
brakes (EMB) for commercial vehicles, particularly Class 8 trucks. Furthermore, in an attempt to promote 
advanced braking technologies in the American trucking industry, TMC requested the PIT Group to acquire 
EMB test data as well as EMB prototypes to test against FMVSS 121 in a potential second phase of the EMB 
review.  

Prior to delving into electromechanical brakes, the PIT Group conducted an overview of advanced braking 
technologies including electronic braking systems, electro-pneumatic brakes, eddy current brakes, and 
regenerative braking. Based on research as well as discussions with TMC, the scope was further narrowed 
to EMBs. Electromechanical brakes were selected since they are the only reviewed braking technology that 
can completely replace pneumatic brakes. The remaining braking systems either rely partly on pneumatics 
(electro-pneumatic brakes) or are incapable of bringing a vehicle to a full stop and are thus reliant on 
additional friction brakes (eddy current brakes and regenerative braking systems). 

A total of 43 OEMs were researched and evaluated for EMB technology. Of the 43 companies, 13 OEMs 
known to be active in the trucking industry were contacted. Given that EMBs are electronic and no longer 
reliant on a fluid to transfer braking actuation, OEMs developing pneumatic and hydraulic braking systems, 
as well as OEMs active in electrification, were included in the original sampling. Due to a lack of available 
information from the original 13 OEMs, the survey pool was further extended with three additional 
companies with relevant technologies. Consequently, a total of 16 OEMs were contacted. 

PIT Group prepared a draft survey questionnaire. The draft was presented to TMC for comments. Once 
approved by TMC, the survey questionnaire was sent by email to the stakeholders. Of the 16 OEMs 
contacted, five provided survey responses. Returned questionnaires were monitored, both in terms of 
quantity and quality of answers provided. Data and information gathered were analyzed to support 
preparation of the report submitted to TMC. Furthermore, follow-up questions were sent by email and also 
discussed by phone in order to ensure the accuracy of the information. 

Based on the companies reviewed, electromechanical service brakes seem to be mostly, if not all, disc 
brakes. Although some manufacturers offer electromechanical parking brakes that are drum-based, there 
appears to be a shift away from drum brakes in general. The predominance of electromechanical disc brakes 
may be due to the advantages inherent in disc brake technologies or due to the difficulty of integrating 
electromechanical drum brakes onto a standard wheel-end. Adapting an electromechanical drum brake has 
been claimed to require some alterations to the axle. However, all the sampled OEMs developing 
electromechanical disc brakes claimed that no changes to the axle are necessary. 

Furthermore, the power requirements of EMBs does not appear to restrict them from being used on 
commercial vehicles with conventional powertrains. All the sampled OEMs also confirmed that the energy 
necessary to power electromechanical disc brakes can originate from a vehicle’s alternator, although a 
slightly larger version than conventionally used may be necessary. In addition, EMBs can operate on either 
24 or 48 V, although 24 V is more likely.  

In addition to evaluating the implementation of EMBs on commercial vehicles as the sole service brakes, 
EMBs have been evaluated based on their capacity to be integrated with other systems as well. The ability 
of EMBs to blend with pneumatic brakes aboard the same truck or between a truck and its trailer depends 
on the OEM’s system and seems to rely on the manner in which the brake circuit is split. Moreover, the SAE 
J560 connector will not be sufficient to support advanced EMB architecture with sufficient communication 



 

Contract report 17780 – Rev. 2: Electromechanical Braking Systems Review 8 / 58 
 

and redundancies. Consequently, the OEMs have mentioned that ISO 12098 or ISO 13044 would possibly be 
used, but it is yet to be confirmed. On another note, EMBs offer superior blending with regenerative braking 
when compared to pneumatic brakes. 

Despite the differences inherent in each OEM’s electromechanical braking system, they claim to possess 
similar advantages over current pneumatic brakes such as increased wheel-end diagnostics and reduced 
stopping distance. The variables investigated include temperature, wear status, side clearance, brake force, 
brake torque as well the functionality of the power lines and communication networks for braking. 
Furthermore, regarding reduced stopping distance, the OEMs have claimed an approximate reduction of up 
to 15 – 20 %. Other potential advantages include reduced energy consumption and reduced weight; 
however this will depend on the type of suspension and the type of powertrain used. Lastly, all the sampled 
electromechanical service brakes have integrated parking brake features. There is debate, however, as to 
whether the parking brake will automatically engage in case of a loss of power similarly to spring-applied-
air-released brakes. 

It is apparent that with the increase in adoption of electronic braking systems and advanced driver-
assistance systems, the transportation industry is shifting towards increased safety-oriented technologies. 
However, there is concern when it comes to shifting to a pure brake-by-wire system. The main cause of 
concern involves new types of failure modes such as power or communication malfunctions. As a result, 
commercialized systems today are generally electro-hydraulic or electro-pneumatic. Although the 
technology for electromechanical brakes is available for commercial vehicles, there is debate among OEMs 
as to why the technology is not market ready. The principal arguments are that the cost of a sufficiently safe, 
redundant and robust system is too expensive today to compete with current pneumatic braking systems, 
and that government legislation is currently impeding the development and use of EMBs. 

Nevertheless, in order to further the discussion around EMBs, more detailed information is necessary. It is 
important to note, however, that currently available systems, such as electronic braking systems, already 
allow the use of some advanced driver-assistance systems. Also, when coupled with advanced pneumatic 
braking technologies, EBS can provide reduced stopping distances similar to EMBs. Hence, while Class 8 
trucks are still dependent on pneumatics for their suspension, it raises the question if EMBs are worth being 
implemented today.  
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Introduction 

The Technology & Maintenance Council of American Trucking Associations (TMC) is an organization of more 
than 2 500 industry professionals. Comprised of a broad cross-section of experienced fleets, equipment 
suppliers and service providers, no other industry trade association can match the real-world experience 
and technical expertise of TMC’s membership. 

By providing leadership support and opportunities to collaborate, TMC helps members develop the 
industry’s best practices that address critical truck technology and maintenance issues that have the greatest 
impact on truck fleets. For more than 60 years, TMC’s member-driven Recommended Maintenance and 
Engineering Practices have been setting the standards that help trucking companies specify and maintain 
their fleets more effectively.  

TMC has partnered with FPInnovations PIT Group to evaluate the state of the art of electromechanical 
brakes (EMBs) for tractor trailers. In addition to understanding the EMB landscape, TMC wanted to identify 
prototypes for a potential second project phase to test and compare EMBs to pneumatic braking systems. 

TMC asked PIT Group to contact major brake original equipment manufacturers (OEMs) to better 
understand the challenges, limitations and obstacles regarding implementation of EMBs on Class 8 trucks. 

The scope was limited to friction brakes that apply force through electromechanical actuation, rather than 
pneumatic. Although the intent was to drive advanced safety technologies into the tractor trailer industry, 
an analysis of EMBs in other applications as well will enable a better understanding of if and when such 
technologies will be available for trucks. 

Based on the discussions between PIT Group and TMC, the methodology used to conduct this project was 
as follows:   

 Survey all the major braking system manufacturers to determine the "state of design" of their 
respective technologies based on current data of available technologies: 

o How far they have gone toward building any prototypes 

o Identify technical challenges, limitations, and obstacles anticipated or encountered 

o Ascertain if the braking system manufacturer has involved vehicle manufacturers 
in the design process 

o Testing of EMBs conducted on test track or test bench 

o Compare the development expectations for EMBs to drum or disc brakes 

 Review the technical characteristics and features of EMBs: 

o The capacity of a vehicle’s electrical system needed for EMBs 

o Is the amount of energy necessary for braking cost prohibitive, thus limited to 
electric and hybrid vehicles? 

o Compatibility of EMBs with pneumatic braking systems: can they be used in 
combination or they are exclusive to each other?  

o Impact of regenerative braking on EMB performance and its optimization on 
electric and hybrid heavy-duty vehicles 
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New developments in braking systems 

Overview 

Large trucks, vehicles with a gross vehicle weight rating (GVWR) above 10 000 pounds, traveled almost 300 
billion miles in the United-States in 2017 (FMCSA, 2019). In the same year, they were involved in 4 237 fatal 
crashes and 102 000 injury related crashes (FMCSA, 2019). The advancement of brake technology is a 
fundamental component for the reduction of such incidents and for the improvement of vehicular safety 
overall. 

Braking systems have seen numerous improvements over the last few decades. In the 1980s, air disc brakes 
(ADB) were developed to replace drum brakes as they experienced less brake fade and less hysteresis 
(Haldex, 2018a). However, it wasn’t until 2011 and 2013 that air disc brakes started gaining popularity with 
North-American fleets (Haldex, 2018a). The shift was due to the Federal Motor Vehicle Safety Standards’ 
(FMVSS) imposed ruling on reduced stopping distance for Class 8 trucks (Haldex, 2018a). In addition to 
reduced stopping distance, there have been other brake technology advances that have been imposed on 
Class 8 trucks, notably the anti-lock braking system (ABS) in the late 1990s and electronic stability control 
(ESC) between 2017 and 2019 (Bendix, 2019a). Other technologies, such as electronic braking systems 
(EBSs), have been around since the mid-1990s and offer numerous advantages over conventional pneumatic 
systems, however their adoption is not mandated by law (Haldex, 2018a). 

In the last decade, advanced driver-assistance systems (ADAS) have been introduced in vehicles (NHTSA, 
2019). Although these systems do present numerous safety advantages, they are outside the scope of this 
review. The main focus pertains to the advancements of foundation brake technologies (i.e. service brakes). 

Electronic braking systems and electro-pneumatic brakes 

A particularly important advancement in brake technology are electronic braking systems, which present 
numerous safety advantages, while also allowing the opportunity to use novel service brake technologies. 
Rather than using a pneumatic treadle valve on the brake pedal assembly to transfer the driver’s 
deceleration request to the primary and secondary circuits, EBS uses an electronic sensor on the brake pedal 
to send a signal to the pressure control module which in turn varies the brake pressure in both circuits (MAN 
Truck & Bus, 2019a). The electronic braking system also includes a fully redundant pneumatic system 
(WABCO, 2019a). More specifically, the primary system is electro-pneumatic, as initially described, however 
there is a second braking system that is fully pneumatic and superimposes the electro-pneumatic circuit in 
case of a fault (WABCO, 2019a). 

The main safety advantages of an EBS are reduced stopping distance due to a reduction in response time, 
improved braking stability and the optimization of braking power between a tractor and its trailer (WABCO, 
2019a). Other benefits include improved pedal feel, better control of brake wear as well as additional brake 
diagnostics (WABCO, 2019a).  

The electronic braking system also integrates the functionality of both the anti-lock braking system and the 
traction control system (TCS) (MAN Truck & Bus, 2019a). In addition, EBS facilitates the use of brake related 
advanced driver-assistance systems since the service brakes can now be controlled and applied via an 
electronic signal. 

Eddy current brakes 

Standard air brakes use friction between either a pad and a disc or a shoe and a drum to convert kinetic 
energy into heat. Similarly, eddy current brakes also convert a vehicle’s kinetic energy into heat, but do so 
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without any friction. Eddy current brakes function on the basis of electromagnetic induction (Sarath, et al., 
2018). Electromagnetic induction occurs when there is relative movement between a conductor and a 
magnetic field (Encyclopaedia Britannica, 2018). The relative movement between the two creates an 
electromotive force which induces a current in the conductor, known as an eddy current (Sarath, et al., 
2018). The induced eddy current creates its own magnetic field that has the opposite polarity of the external 
magnetic field (Sarath, et al., 2018). The interaction between both magnetic fields opposes the relative 
movement between the two and the kinetic energy is dissipated as heat from the eddy current flowing 
through the conductor (Encyclopaedia Britannica, 2018).  

Eddy current brakes have numerous advantages over standard friction brakes: they do not involve any 
friction, have no wearable parts and require little to no maintenance (Explainthatstuff, 2018). In addition, 
the absence of brake pads or shoes eliminates the pollution created from their abrasion (Explainthatstuff, 
2018). However, eddy current brakes possess a significant disadvantage: they cannot bring a vehicle to a 
complete stop (Sarath, et al., 2018).  The drag force created between the conductor and the electromagnet 
is directly proportional to the relative velocity between the two (Sarath, et al., 2018). Consequently, at low 
speeds there is little to no practical braking capacity and eddy current brakes cannot hold a vehicle in 
position on a slope (Encyclopaedia Britannica, 2018). For this reason, eddy current brakes cannot be the sole 
service brakes on a vehicle. However, eddy current brakes are used on electric trains as well as on trucks 
and buses to support the service brakes by adding braking capacity (Encyclopaedia Britannica, 2018). When 
on a truck or bus, eddy current brakes are commonly installed within the driveline and referred to as 
retarders (Encyclopaedia Britannica, 2018). 

Regenerative braking 

Unlike friction brakes and eddy current brakes, regenerative braking does not transform a vehicle’s kinetic 
energy into heat, rather it transforms it back to electrical energy (with some losses). However, in order for 
the transformation to occur, an electric motor and an energy storage medium are necessary. There are 
various types of electric motors as well as different mechanisms of electrical energy storage on board 
vehicles today. Given the vast array of motors, battery chemistries and capacitors available, regenerative 
braking will be evaluated and explained only at a high level.  

In a similar way that an electric motor can convert electricity into torque and propel a vehicle forward, it can 
also do the opposite. During normal operation, an electric motor draws energy from a power supply to 
create an electromagnetic interaction between the rotor and stator that forces them to rotate relative to 
one another. However, when the operating mode of the electric motor is reversed, it becomes a generator. 
Rather than drawing power and having the stator force the rotor to rotate, the interaction reverses to one 
where the stator slows the rotor down and in turn returns power into the system. 

Although regenerative braking presents many of the same advantages possessed by eddy current brakes, 
while also allowing for energy to be recuperated back into the system, they have their limitations. The 
braking capacity is limited by the motor’s nominal and peak operating points, the size, type and state of 
charge of the energy storage medium, as well as by the speed of the vehicle. Similar to eddy current brakes, 
the drag force induced between the rotor and stator reduces as the speed of the vehicle reduces (Bosch, 
2011). Hence, regenerative braking is ineffective at low speeds and cannot hold a vehicle stationary on a 
gradient. Consequently, electric and hybrid vehicles must also have friction service brakes (Bosch, 2011). 
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Electromechanical braking systems  

Electromechanical brakes are friction brakes, which consequently convert a vehicles kinetic energy into heat 
(Brembo, 2019). However, rather than using pneumatic pressure to apply a force on a disc or drum, EMBs 
are actuated via an electric motor mounted directly onto the foundation brake assembly (Brembo, 2019).  

Electromechanical brakes are the next step beyond electro-pneumatic brakes. Instead of having an 
electronic braking system coupled to a pneumatic circuit, EMBs are fully electric and truly brake-by-wire as 
there is no secondary pneumatic system that is superimposed (Haldex, 2019a). Brake-by-wire refers to a 
braking system that lacks any physical connection (pneumatic, hydraulic, or mechanical) between the brake 
pedal and the service brakes, only electronic connections exist. Although EBS is a time-tested technology 
that has been in use in Europe for 20 years, converting from an electro-pneumatic to a fully electronic system 
poses some safety concerns (Bendix, 2019b). Unlike hydraulic brakes that always maintain a physical 
connection between the brake pedal and service brakes or pneumatic brakes that utilize spring-applied-air-
released parking brakes, brake-by-wire systems possess no such fail-safes, unless a redundant system is 
used. Additionally, given that brake-by-wire systems rely on electronic signals and electric power to control 
the service brakes, they present new and complex challenges in terms of reliability and robustness. 

Moreover, given that EMBs rely on electric motors for actuation, some type of power generation and energy 
storage medium is required. Consequently, EMBs seem to be more suitable for hybrid or electric vehicles 
(EVs) as they already possess such systems. The power requirements of electromechanical brakes will 
determine what power generation and energy storage systems are necessary since trucks already possess 
an alternator as well as low voltage batteries.  

Although brake-by-wire systems present some challenges before becoming mass produced and 
commercially available, they also present numerous advantages (Market Watch, 2019). In addition to all the 
benefits achieved by EBS, EMBs allow for even further reduction in response time and stopping distance 
since the whole pneumatic circuit is now eliminated from the braking system.  

The mere elimination of the pneumatic circuit presents additional benefits such as less energy consumption, 
less maintenance, less noise and less air pollution (Brembo, 2019; Haldex, 2018b). However, only Class 8 
vehicles that do not use air suspension can take full advantage of a brake-by-wire system, whereas vehicles 
with an air suspension will have to maintain a certain portion of their pneumatic system. Further benefits of 
EMBs include less residual brake torque1, thus decreasing fuel consumption and increasing brake longevity, 
as well as superior brake diagnostics, improved brake blending with regenerative braking and the possibility 
of having an integrated parking brake (Brembo, 2019; PistonHeads, 2018).  

 

 

1 The torque created between a brake rotor and the pads when the brakes are not applied. 
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Methodology 

Approach 

The main focus of this review regards advancements in foundation brake technologies for commercial 
vehicles, specifically Class 8 on-highway trucks. Based on research as well as discussions with TMC, the scope 
was further narrowed to EMBs. Electromechanical brakes were selected since they are the only reviewed 
braking technology that can completely replace pneumatic brakes. The remaining braking systems either 
rely partly on pneumatics (electro-pneumatic brakes) or are incapable of bringing a vehicle to a full stop and 
are thus reliant on additional friction brakes (eddy current brakes and regenerative braking systems). 

A total of 43 OEMs were researched and evaluated for EMB technology (Appendix A). Of the 43 companies, 
13 OEMs known to be active in the trucking industry were contacted. Given that EMBs are electronic and no 
longer reliant on a fluid to transfer braking actuation, OEMs developing pneumatic and hydraulic braking 
systems, as well as OEMs active in electrification, were included in the original sampling. Due to a lack of 
available information from the original 13 OEMs, the survey pool was further extended with three additional 
companies with relevant technologies (ATE, Knorr-Bremse and Vienna Engineering). Consequently, a total 
of 16 OEMs were contacted (Table 1).  

Table 1. Stakeholders approached to participate in the survey 

No. Company Relevant brake product offerings Segment Responded 
to request 

Answered 
survey 

1 Allison Transmission Inc. Electric drivetrain solutions Commercial  Yes No 

2 ATE (a brand of Continental 
Automotive GmbH) 

Custom braking systems Automotive & 
commercial 

No No 

3 AxleTech International, LLC Foundation brakes and components Commercial Yes No 

4 Bendix Commercial Vehicle 
Systems, LLC 

Shifting towards EBS Commercial Yes Yes 

5 Brembo S.p.A. EBS and developing EMB Automotive Yes No 

6 Haldex AB EBS and developing EMB Commercial  Yes Yes 

7 Knorr-Bremse AG EBS and ADAS Commercial Yes No 

8 Knott Brake Company  Foundation braking systems, custom 
brakes and electromagnetic brakes 

Industrial and 
commercial 

Yes Yes 

9 MAN Truck & Bus SE EBS Commercial  Yes No 

10 Meritor, Inc. Foundation brakes and components Commercial  Yes No 

11 Robert Bosch GmbH  Foundation and non-foundation brakes Commercial Yes No 

12 VE Vienna Engineering Forschungs- 
und Entwicklungs GmbH 

EMB Automotive & 
commercial 

Yes Yes 

13 WABCO Holdings, Inc. Air disc brakes, EBS and ADAS Commercial Yes No 

14 Walther Engineering & 
Manufacturing Company, Inc. 

Hydraulic disc brakes, rotors and 
drums 

Commercial Yes Yes 

15 Webb Wheel Products, Inc. Air disc brakes, rotors and drums Commercial Yes No 

16 ZF North America, Inc. Electric drivetrain solutions Commercial Yes No 
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A detailed description of each company is provided in the following section. It is important to note that these 
descriptions are not intended to be comprehensive and exhaustive, but rather to provide relevant 
information pertaining to the OEMs and some of their product offerings pertinent to this review. 

Electromechanical brake market review 

Allison Transmission Inc. 

Although Allison is predominantly a manufacturer of transmissions for commercial vehicles, they acquired 
AxleTech’s electric drivetrain division in 2019 (Allison Transmission, 2019). Given that AxleTech also 
manufactures brakes for the off-highway, military and specialty truck markets, it is possible that Allison may 
have also acquired some specialty brake products relating to EMBs (AxleTech, 2019). Consequently, the PIT 
Group reached out to Allison’s new e-axle division to inquire about EMBs. Although Allison mentioned that 
they are not currently in a position to provide insight into EMB technology, they stated that EMBs would 
interest them more as a replacement for hydraulic brakes rather than for pneumatic brakes, as Class 8 trucks 
mostly rely on air suspension. Once Allison launches their Class 6 e-axles, EMB technology will be a lot more 
interesting since many Class 6 trucks use hydraulic brakes and also require a parking brake, a feature that 
can be integrated into EMBs. Furthermore, Allison requested the opportunity to revisit their participation in 
the EMB review if their scope were to change. 

ATE (a brand of Continental Automotive GmbH)  

ATE was not originally part of the survey pool as their current product offering is not explicitly oriented 
towards commercial vehicle brakes. However, given the lack of available information from OEMs more 
involved in the commercial vehicle market and given the fact that ATE does develop custom electronic 
braking systems for commercial vehicles (ATE, 2020), the PIT Group attempted to contact them later in the 
review process, but without success. 

AxleTech International, LLC 

Although the remaining divisions of AxleTech were acquired by Meritor, both Meritor and AxleTech have 
developed their own braking products (Meritor, 2019). As a result, the PIT Group contacted both companies 
separately to evaluate their respective involvement in EMB development. AxleTech did not acknowledge 
any involvement in the development of EMBs and referred the PIT Group to Meritor.  

Bendix Commercial Vehicle Systems, LLC 

Bendix is part of the Knorr-Bremse Group operating in North-America (Bendix, 2019c). Bendix manufactures 
foundation braking systems, non-foundation braking systems as well as electronics and control systems for 
the trucking, trailer and bus markets, some of which are under the Bendix Spicer Foundation Brake LLC joint 
venture (Bendix, 2019c). Bendix predominantly focuses on pneumatic braking systems and their ADB22X 
foundation brake accounts for approximately 80 % market share of all air disc brakes sold in North-America 
for Class 6 to 8 wheel-ends (Automotive World, 2019). Bendix does not currently offer an EMB. Only recently 
has Bendix announced the introduction of EBS in North-America as it expected that EBS will become 
standard in some applications in the next three to five years (Bendix, 2019b). The PIT Group asked Bendix 
for further insight into their roadmap of brake-by-wire systems, notably EMBs. Bendix provided a survey 
response as well as answers to follow-up questions. 

Brembo S.p.A. 

Brembo is mostly known for its foundation brakes in the automotive, motorcycle and racing markets, 
however Brembo also has a commercial vehicle division in Italy. Brembo has been active in research and 
development of brake-by-wire systems since 2001 (Brembo, 2019). In 2014, Brembo introduced their 
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electrical braking system in Formula 1 (Brembo, 2019). Brembo has recently discussed the development of 
electro-hydraulic and electromechanical braking systems for conventional automobiles, claiming response 
times of 100 milliseconds (Brembo, 2019). However, it is unclear whether Brembo will offer a true brake-by-
wire system as a hydraulic redundancy for the front wheels is discussed as part of their electrical braking 
system (Brembo, 2019). Given Brembo’s experience in electrical braking system and involvement in 
commercial vehicles in Italy, the PIT Group sought their input on EMBs. The survey was discussed with 
Brembo engineering; however they were uninterested in participating. 

Haldex AB 

Haldex is a Swedish manufacturer of foundation and non-foundation braking systems, as well as electronics 
and control systems, with a strong presence in both North-America and Europe (Haldex. 2019b). Based on 
the information available in the public domain, Haldex appears to be the leader in EMB development for 
trucks, trailers and buses. Haldex has been active in EMB development since 2004 by participating in the 
SWEP and SPARC (Secure Propulsion using Advanced Redundant Control) projects as well as the HAVE-it 
(Highly Automated Vehicles for Intelligent Transport) project in 2008 (Haldex. 2018c). Furthermore, in 2016, 
Haldex announced a joint venture with China’s Zhejiang VIE Science and Technology Co. Ltd. for the 
development and production of EMBs for commercial vehicles (Diesel Progress, 2016). In the last couple of 
years, Haldex has already conducted tests with their ‘’Scalable Brake System’’ that can operate with both 
pneumatic as well as electronic braking systems (Haldex, 2019a). Haldex’s electromechanical disc brakes are 
claimed to improve stopping distance by 15 % and reduce braking energy consumption by a factor of 2.5 
when compared to pneumatic brakes (Haldex, 2018b); Haldex also offers its own EBS, which is in its third 
generation (Haldex, 2019c). Given Haldex’s presence in EBSs and EMBs for commercial vehicles, it was 
essential to acquire their participation in this review. Haldex provided the PIT Group with detailed responses 
as well as technical documentation and time for follow-up questions. 

Knorr-Bremse AG 

Knorr-Bremse is Bendix’s parent company headquartered in Europe. Knorr-Bremse and Bendix share many 
of the same product offerings including foundation braking systems, non-foundation braking systems as well 
as electronics and control systems for commercial vehicles (Knorr-Bremse, 2020c). However, unlike Bendix, 
Knorr-Bremse has been offering electronic braking systems since as early as 2005 and possibly even earlier 
than that (Knorr-Bremse, 2005). Given Knorr-Bremse’s strong presence in both foundation brakes and 
electronic braking systems, the PIT Group sought to include them in the survey, however Knorr-Bremse 
forwarded the request over to Bendix. From the information available externally, a direct link between 
Knorr-Bremse and EMBs could not be found. 

Knott Brake Company and Knott Vortex PVT Ltd. 

Knott Brake develops various types of brake technologies for a wide range of industries including material 
handling, commercial, military as well as custom applications (Knott, 2020a). Apparently, Knott does not 
have a strong presence in the Class 8 truck foundation brake market. Nonetheless, given their experience 
with special brake solutions and their experience with electromagnetic brakes as part of the Knott-Vortex 
joint venture, the PIT Group included Knott and Knott-Vortex in the survey on electromechanical brakes 
(Knott, 2020b). Knott-Vortex filled in the survey and also took the time for follow-up questions. 

MAN Truck & Bus SE 

MAN is predominantly a vehicle OEM with a portfolio that includes buses, trucks as well as special purpose 
vehicles (MAN Truck & Bus, 2020). However, MAN also manufactures and supplies powertrain and drivetrain 
components, in addition to offering EBS for some of its products (MAN Engines, 2020). Although MAN’s 
electronic braking system is most likely a Knorr-Bremse EBS, the PIT Group sought MAN’s input on 
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electromechanical brakes. Nevertheless, MAN mentioned that they do not have any additional information 
regarding the subject. 

Meritor, Inc. 

Meritor is an OEM with a global outreach in the commercial vehicle market (Meritor, 2020a). In addition to 
manufacturing hydraulic and pneumatic braking systems, Meritor’s product offering extends to axles, wheel-
ends as well as electric powertrain solutions as part of its Blue Horizon brand (Meritor, 2020b; Meritor, 
2020c). Although Meritor offers numerous varieties of disc and drum brakes, they do not offer non-
foundation braking systems such as EBS. Meritor’s non-foundation brake segment used to be fulfilled 
through the Meritor WABCO joint venture, however it ended in 2017 (PR Newswire, 2017). Although no 
information could be found pertaining to Meritor either being interested or currently developing EMBs, the 
PIT Group reached out to include them in the review. However, Meritor was concerned with sharing 
sensitive information and was waiting for approval from their legal team in order to be able to disclose any 
information. As of the time of writing, no information was acquired. 

Robert Bosch GmbH  

Bosch is a German engineering company with a global outreach in various industries. In the commercial 
vehicle braking market, Bosch manufactures hydraulic foundation and non-foundation braking systems such 
as calipers, brake boosters, driveline parking brakes as well as ABS and ESC. The PIT Group asked Bosch to 
comment on their position regarding the development of EMBs to replace hydraulic as well as pneumatic 
brakes. Bosch formally declined to fill in the survey and declined to comment on EMBs. 

VE Vienna Engineering Forschungs- und Entwicklungs GmbH and AVL List GmbH 

Similar to ATE, Vienna Engineering was not originally included in the survey pool. VE does in fact have an 
electromechanical disc brake concept and although its rated capacity is suitable for a city bus, the current 
version’s brake torque is seemingly insufficient for Class 8 trucks (VE, 2019). Nonetheless, Vienna 
Engineering has already discussed the potential of replacing pneumatic brakes on commercial vehicles with 
their electromechanical brakes. Many of the advantages described by VE regarding their EMB are those 
discussed in the above introduction section, including reduced response time, elimination of residual brake 
torque, superior brake blending, etc. (VE, 2019). When asked to participate in the review, VE stated that 
their EMB concept has been developed in partnership with AVL, whom responded to the survey on behalf 
of VE. Furthermore, AVL also took time to discuss their response and to answer follow-up questions. 

WABCO Holdings, Inc. 

WABCO is a manufacturer and supplier of both foundation and non-foundation brakes (WABCO, 2020a). 
Although WABCO is present in both hydraulic and pneumatic braking markets, they offer only pneumatic 
foundation brakes for on-highway commercial vehicles. WABCO’s MAXX air disc brake has sold over 7 million 
units worldwide (WABCO, 2020b). Furthermore, WABCO’s product offering extends to numerous electronic 
and control solutions including ABS, ESC and EBS (WABCO, 2020c). WABCO initially launched their EBS in 
1996 and their ESC for commercial vehicles in 2001 (WABCO, 2020d). Despite WABCO’s experience with EBS 
for almost 25 years, there is no public indication that they currently offer or are developing EMBs. In order 
to acquire additional information, the PIT Group attempted to include WABCO in the survey. WABCO 
confirmed evaluating and developing advanced braking technologies, one of which is EMB, however they 
declined to provide any further information. 

Walther Engineering & Manufacturing Company, Inc. 

Walther EMC is an American manufacturer of foundation brakes and wheel-end components for commercial 
vehicles (Walther EMC, 2020). Walther EMC’s product line of wheel-ends, rotors and drums span both 
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hydraulic and pneumatic brake markets, however they currently offer only hydraulic disc brakes (Walther 
EMC, 2020). Nonetheless, given Walther EMC’s experience in the commercial vehicle brake market and 
given the fact that EMBs no longer rely on any type of fluid to transmit brake actuation, the PIT Group 
requested Walther EMC to participate in the review to evaluate their future product offerings. Walther EMC 
responded to the survey and also provided answers to follow-up questions. 

Webb Wheel Products, Inc.  

Webb is an American OEM of foundation brakes and wheel-end products for trucks and trailers. Webb’s 
product offering of wheel-ends, rotors and drums also involve both hydraulic and pneumatic segments. 
However, conversely to Walther EMC, Webb’s sole offering of foundation brake is a pneumatic disc brake 
(Webb, 2020). There was no indication that could be found of Webb offering or developing 
electromechanical disc brakes. Nevertheless, due to their presence in the Class 8 truck braking market, the 
PIT Group inquired with Webb as to their position on EMB development. Webb was in fact open to 
responding to the survey. However, upon its review, Webb declined due to their lack of knowledge 
pertaining to EMBs. 

ZF North America Inc. 

ZF is a global manufacturer of components and systems for commercial vehicles (ZF, 2020). ZF supplies 
drivetrain components for trucks, integrated electric powertrains for buses as well as electronics for both 
(ZF, 2020). Furthermore, ZF supplies passenger vehicles with electronically controlled brakes (automotive 
variant of EBS) as well as with foundation brakes and an electric parking brake (ZF, 2020). However, no such 
systems and no EMBs could be found for commercial vehicles. The PIT Group contacted a commercial vehicle 
division of ZF to inquire about EMBs, but ZF indicated that they are an end user of brakes rather than an 
OEM. 

Survey questionnaire  

Table 2 presents the main activities planned and completed to develop the survey questionnaire. 

PIT Group prepared a draft survey questionnaire which had the following main sections: 

 Introduction: presentation of the context, objective, scope of the project; 

 Company profile: general information, contact information; 

 Current and future brake product offering; 

 Development of EMBs for road vehicles: prototyping, testing, production, challenges, forecasts; 

 Electrical specifications of EMB systems: general parameters, energy storage, power generation, 
redundancy, feasibility; 

 EMB communication and control; 

 EMB integration: blending with pneumatic system on tractor and trailer, wheel-end changes; 

 EMB performance: characteristics of foundation brakes and brake circuits, braking performance; 

 EMB maintenance and diagnostics; 

 Comparison of EMB system to pneumatic braking system and pneumatic parking brake; 

 Collaboration of EMB manufacturer with tractor, trailer and non-foundation brake OEMs; 

 Additional information. 
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The draft was presented to TMC for comments. Once approved by TMC, the survey questionnaire was sent 
by email to the stakeholders. The questionnaire form is presented in Appendix B. 

Table 2. Survey development activities 

No. Activity Timeline 

1 Evaluation of the general contract requirements and specifications of Schedule A  Sept. 3, 2019 

2 Conference call with TMC to better understand the scope and objectives Sept. 3, 2019 

3 Evaluation of TMC’s position paper on future commercial vehicle braking systems Sept. 27, 2019 

4 Review of advanced braking technologies for on-road vehicles Oct. 24, 2019 

5 Conference call with TMC to further refine the scope, objectives and deliverables Oct. 24, 2019 

4 Evaluation of TMC’s online article on the project to ensure all objectives are met Nov. 1, 2019 

7 Drawing the outline describing the information TMC would like to obtain Nov. 6, 2019  

8 Design of specific questions that will help extract the information TMC is looking for Nov. 6, 2019 

9 Addition of questions to help better understand the industry as a whole  Nov. 6, 2019 

10 Design of the survey questionnaire draft Nov. 16, 2019 

11 Refining the survey questionnaire to make it more succinct, user friendly, less likely to 
induce unintended errors or misunderstandings and more likely to be answered by OEMs 

Nov. 21, 2019 

12 Present the survey questionnaire draft to TMC Nov. 21, 2019 

13 Received comments from TMC Dec. 2, 2019 

14 Finalize the survey questionnaire Dec. 3, 2019 

 

Reminder emails were sent out to potential interviewees that had not responded. Follow-up phone calls 
were also made with participants who did not answer the survey in a timely manner. Table 3 presents the 
timeline of the survey. 

Returned questionnaires were monitored, both in terms of quantity and quality of answers provided. Data 
and information gathered were analyzed to support preparation of the report submitted to TMC. 
Furthermore, follow-up questions were sent by email and also discussed by phone in order to ensure the 
accuracy of the information.  

Table 3. Survey timeline 

Activity Timeline 

Initial contact with OEMs Nov. 8 – 12, 2019 

Follow-up with OEMs Nov. 16 – Dec. 3, 2019 

Present draft questionnaires to TMC Nov. 21, 2019 

Receive TMC comments Dec. 2, 2019 

Integrate comments and finalize survey questionnaires Dec. 3, 2019 

Email questionnaires to stakeholders Dec. 3, 2019 – Jan. 16, 2020 

Follow-up (email, phone calls) Dec. 12, 2019 – Jan. 22, 2020 
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Data analysis and results 

A total of 16 original equipment manufacturers in the commercial vehicle industry were contacted 
pertaining to their involvement in electromechanical brake development for Class 8 trucks.  

Of the 16 contacted stakeholders: 

 Five companies filled the questionnaire: Bendix Commercial Vehicle Systems LLC, Haldex AB, 
Knott Vortex PVT Ltd., AVL List GmbH, and Walther Engineering & Manufacturing Company Inc. 

 WABCO Holdings Inc. confirmed their participation in EMB development but declined to provide 
any details 

 Five companies confirmed that they do not offer EMB products: Allison Transmission Inc., 
AxleTech International LLC, MAN Truck & Bus SE, Webb Wheel Products Inc., and ZF North 
America Inc. 

 Meritor Inc. was waiting for legal approval before being able to discuss anything 

 Brembo S.p.A. was not interested in participating in the survey 

 Robert Bosch GmbH formally declined to participate in the survey 

 ATE (a brand of Continental Automotive GmbH) did not provide any response 

 Knorr-Bremse AG forwarded the request to participate to their subsidiary, Bendix  

Upon acquiring the survey responses, the PIT Group pursued follow-up questions with each OEM to further 
the understanding of the results. The following section summarizes the survey responses while also including 
additional information stemming from direct discussions with the OEMs.  

EMB system from Bendix Commercial Vehicle Systems LLC 

Table 4 details the survey results acquired from Bendix. The responses pertain to Bendix’s electromechanical 
disc brake. 

Table 4. Bendix EMB information and data 

Overview of brake product offering 

Brake segments supplied Foundation and non-foundation brakes 

Vehicle type Trucks, buses and industrial equipment  

Vehicle class Class 8 and below 

Type of friction brakes Pneumatic 

Company position on EMB offering Developing 

Type of road vehicle brakes to be replaced by EMB Pneumatic and hydraulic 

EMB prototyping and production 

Type of EMB prototype interested in or developing Disc 

Vehicle type Trucks 

EMB prototypes developed Yes 

EMB prototypes technology readiness level (TRL) Pre-production 
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Table 4. Bendix EMB information and data (continuation) 

EMB prototyping and production 

Prototype phase completion estimate Undefined 

Expected start of production (SOP) Undefined 

EMB testing 

Type of testing conducted Bench, track and on-road 

Willingness to share test data with TMC No 

EMB challenging factors comparison (1: least challenging; 8: most challenging) 

Regulation and testing requirements  2 

Integration with existing systems 3 

Energy and power requirements 6 

Safety concerns and redundancies 7 

Consumer adoption (VOC) 5 

Available technology 4 

Cost constraints 8 

Safeguarding against hacking 1 

EMB forecast for Class 8 vehicles, US market segment 

Available 2030+ 

Street legal 2030+ 

Market share in 5 years 0 % 

EMB technical specification  

Electric system 

Nominal voltage (V)  24 V / 48 V 

Maximum current (A) Design dependent 

Continuous power (W)  Design dependent 

Electric system 

Maximum power (W)  Design dependent, but up to 5000 W per EMB 

Maximum duration of peak power (s)  Design dependent 

Electrical energy storage system Batteries 

Electrical energy generation system Alternator or secondary system 

Redundancy 

Number of redundant power circuits 1 for standard architecture + at least 2 for braking 
system 

Number of redundant energy storage systems 1 for standard architecture + at least 2 for braking 
system 

Number of redundant power generation systems 0 (single generator) 
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Table 4. Bendix EMB information and data (continuation) 

Feasibility of electrical requirements 

On standard vehicles (non-hybrids or EVs) Yes 

On hybrids or EVs Yes 

Downsizing EMB on vehicles with regenerative braking No 

EMB communication and control 

Communication protocol to control foundation brakes CAN bus 

Baud rate to control foundation brakes 250+ kb/s 

Tractor-trailer connector Additional connector to supplement SAE J560 

Number of redundant communication networks 1 main and at least 1 redundant 

EMB possible integration with pneumatic brakes 

EMB blending with pneumatic on truck (for example 
EMB on steer axle and pneumatic on drive axle) 

Yes 

EMB on trailer and pneumatic on truck Yes 

EMB on truck and pneumatic on trailer Yes 

EMB wheel-end changes   

Complete change of foundation brake and some 
changes to axle (ex. torque plate / spider bolt pattern) 

Not necessarily 

Complete change of foundation brake only Yes, but will depend on design 

Components affected by partial changes Will depend on design, but at least caliper 

EMB braking system characteristics 

Disc brakes 

Type of caliper Multiple designs 

Number of pistons Multiple designs 

Brake pad D.O.T. edge code Application specific 

Brake circuits 

Type of splitting of electronic braking system circuits Individually, diagonally, front / rear 

Different braking force per wheel (service braking) Yes  

EMB braking performance 

Longitudinal stability / brake performance difference (left vs. right) 

Disc brake Similar to today 

Drum brake Similar to today 

EMB reduction in wheel-end response time compared to pneumatic equivalent 

EMB on the truck 200 – 500 milliseconds  

EMB on the trailer 200 – 500 milliseconds  

EMB on truck and trailer 200 – 500 milliseconds  
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Table 4. Bendix EMB information and data (continuation) 

EMB expected reduced stopping distance from 60 mph compared to pneumatic equivalent 

Disc brake 17.6 – 44 feet 

Drum brake 17.6 – 44 feet 

EMB maintenance and diagnostic: monitored variables during operation 

Temperature (pad / shoe / rotor / drum) Yes 

Wear status (pad / shoe / rotor / drum) Yes 

Clearance / slack adjustment Yes 

Brake force on rotor / drum Yes 

Brake torque Yes 

Power lines for braking Yes 

Communication network for braking Yes 

Overview of EMB changes to parking brake 

Type of parking brake replacing the spring-applied-air-
released (SAAR) 

TBD 

Consequences of loss of electric power Will remain parked 

Required continuous power to keep parking brake 
disengaged 

TBD 

EMB system from Haldex AB 

Table 5 details the survey results acquired from Haldex. The responses pertain to Haldex’s electromechanical 
disc brake. 

Table 5. Haldex EMB information and data 

Overview of brake product offering 

Brake segments supplied Foundation and non-foundation brakes 

Vehicle type Trucks and buses 

Vehicle class Class 8 and below 

Type of friction brakes EMB and pneumatic 

Company position on EMB offering Developing 

Type of road vehicle brakes to be replaced by EMB Pneumatic 

EMB prototyping and production 

Type of EMB prototype interested in or developing Disc 

Vehicle type Trucks, trailers and buses 

EMB prototypes developed 100 

EMB prototypes technology readiness level (TRL) TRL 7 

Prototype phase completion estimate 2020 

Expected start of production (SOP) 2021 
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Table 5. Haldex EMB information and data (continuation) 

EMB testing 

Type of testing conducted Bench and track 

Willingness to share test data with TMC Yes 

EMB challenging factors comparison (1: least challenging; 8: most challenging) 

Regulation and testing requirements  8 

Integration with existing systems 3 

Energy and power requirements 4 

Safety concerns and redundancies 7 

Consumer adoption (VOC) 2 

Available technology 1 

Cost constraints 6 

Safeguarding against hacking 5 

EMB forecast for Class 8 vehicles, US market segment 

Available 2023 

Street legal 2025 

Market share in 5 years 1 % 

EMB technical specification  

Electric system 

Nominal voltage (V)  24 V 

Maximum current (A) 12.5 A per axle control module (charging input) 

Continuous power (W)  35 W per axle control module on average (charging 
input) 

Maximum power (W)  300 W per axle control module (charging input) 

Electrical energy storage system Ultracapacitor per axle 

Electrical energy generation system Alternator 

Redundancy 

Number of redundant power circuits Each axle can power another, n-1 redundancies 

Number of redundant energy storage systems Each axle can power another, n-1 redundancies 

Number of redundant power generation systems 0 (single generator) 

Feasibility of electrical requirements 

On standard vehicles (non-hybrids or EVs) Yes 

On hybrids or EVs Yes 

Downsizing EMB on vehicles with regenerative braking Yes 
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Table 5. Haldex EMB information and data (continuation) 

EMB communication and control 

Communication protocol to control foundation brakes CAN FD 

Baud rate to control foundation brakes 500 kb/s and 1 Mb/s  

Tractor-trailer connector TBD; possibility of ISO 12098 or ISO 13044 

Number of redundant communication networks 2 in a 2-axle vehicle (1 redundancy per axle) 

EMB possible integration with pneumatic brakes 

EMB blending with pneumatic on truck (for example 
EMB on steer axle and pneumatic on drive axle) 

No 

EMB on trailer and pneumatic on truck No 

EMB on truck and pneumatic on trailer Yes 

EMB wheel-end changes   

Complete change of foundation brake and some 
changes to axle (ex. torque plate / spider bolt pattern) 

True for drum brakes, but not for disc brakes 

Complete change of foundation brake only True for disc brakes, but not for drum brakes 

Components affected by partial changes Caliper only for disc brakes, same pads and rotor 

EMB braking system characteristics 

Disc brakes 

Type of caliper Floating 

Number of pistons 1 

Brake pad D.O.T. edge code FF 

Brake circuits 

Type of splitting of electronic braking system circuits Front / rear 

Different braking force per wheel (service braking) Yes 

EMB expected reduced stopping distance from 60 mph compared to pneumatic equivalent 

Disc brake 15 – 20 % 

EMB maintenance and diagnostic: monitored variables during operation 

Temperature (pad / shoe / rotor / drum) No 

Wear status (pad / shoe / rotor / drum) Yes 

Clearance / slack adjustment Yes 

Brake force on rotor / drum Yes 

Brake torque No 

Power lines for braking Yes 

Communication network for braking Yes 

Overview of EMB changes to pneumatic system (assume air ride suspension) 

Total weight difference on truck (lb or %) 25 % reduction with a steel suspension (4x2) 

Power consumption difference on truck (kW or %) 60 % - 90 % reduction with a steel suspension (4x2) 
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Table 5. Haldex EMB information and data (continuation) 

Overview of EMB changes to pneumatic system (assume air ride suspension) 

Cost difference on truck (USD or %) EMB costs ‘‘slightly more’’ 

Cost difference on trailer (USD or %) EMB costs ‘‘more’’ 

Overview of EMB changes to parking brake 

Type of parking brake replacing the spring-applied-air-
released (SAAR) 

Clutch 

Consequences of loss of electric power Will remain in current state, either engaged or 
disengaged 

Required continuous power to keep parking brake 
disengaged 

None, parking brake draws power only when activated 

Collaboration with other manufacturers to develop EMB 

Commercial vehicle OEMs  Yes 

Trailer OEMs No 

Non-foundation brake OEMs  No 

Additional information 

Other information Technical documentation 

Willingness to provide TMC with prototypes to test the 
EMB vs. FMVSS 121 

Yes 

EMB system from Knott Brake Company and Knott Vortex PVT Ltd. 

Neither Knott, nor Knott Vortex, currently develops electromechanical brakes, however Knott Vortex does 
produce electromagnetic parking brakes for forklifts and material handling equipment. Although Knott 
Vortex answered the survey, they did so with electromagnetic brakes in mind. Consequently, the results 
are not applicable to electromechanical brakes and are not shown here.  

EMB system from VE Vienna Engineering Forschungs- und Entwicklungs GmbH and 
AVL List GmbH 

VE’s and AVL’s EMB is principally designed for passenger vehicles. Nonetheless, the design has been tested 
on larger vehicles and is intended to be adapted for the commercial vehicle market. The responses shown 
below in Table 6 represent what VE and AVL anticipate for commercial vehicles, unless otherwise stated. 

Table 6. Vienna Engineering and AVL EMB information and data 

Overview of brake product offering 

Brake segments supplied Foundation brakes 

Vehicle type Trucks and buses 

Vehicle class Below Class 1 and Classes 1-8 

Type of friction brakes EMB 

Company position on EMB offering Developing 

Type of road vehicle brakes to be replaced by EMB Pneumatic and hydraulic 
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Table 6. Vienna Engineering and AVL EMB information and data (continuation) 

EMB prototyping and production 

Type of EMB prototype interested in or developing Disc 

Vehicle type Trucks, trailers and on-road vehicles in general 

EMB prototypes developed More than 20 (passenger car version) 

EMB prototypes technology readiness level (TRL) TRL 5 

Prototype phase completion estimate Mid 2020 

Expected start of production (SOP) 2025 

EMB testing 

Type of testing conducted Bench and track 

Willingness to share test data with TMC Yes 

EMB challenging factors comparison (1: least challenging; 8: most challenging) 

Regulation and testing requirements  4 

Integration with existing systems 5 

Energy and power requirements 3 

Safety concerns and redundancies 8 

Consumer adoption (VOC) 1 

Available technology 2 

EMB challenging factors (1: less challenging; 8: most challenging) 

Cost constraints 7 

Safeguarding against hacking 6 

EMB forecast for Class 8 vehicles, US market segment 

Available Q3 2024 

Street legal Q3 2023 

Market share in 5 years 15 % 

EMB technical specification  

Electric system 

Nominal voltage (V)  24 V / 48 V 

Maximum current (A) 50 A / 25 A per EMB 

Continuous power (W)  1000 W max per EMB 

Maximum power (W)  1400 W max per EMB 

Maximum duration of peak power (s)  500 milliseconds 

Electrical energy storage system Vehicle batteries + redundant set 

Electrical energy generation system Alternator 
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Table 6. Vienna Engineering and AVL EMB information and data (continuation) 

Redundancy 

Number of redundant power circuits Each EMB has 1 main and 1 redundant 

Number of redundant energy storage systems 1 main and 1 redundant 

Number of redundant power generation systems 0 (single generator) 

Feasibility of electrical requirements 

On standard vehicles (non-hybrids or EVs) Yes 

On hybrids or EVs Yes 

Downsizing EMB on vehicles with regenerative braking Yes 

EMB communication and control 

Communication protocol to control foundation brakes Analog PWM, CAN or FlexRay 

Baud rate to control foundation brakes 500 kb/s 

Tractor-trailer connector ISO 12098 

Number of redundant communication networks 1 main and 1 redundant 

EMB possible integration with pneumatic brakes 

EMB blending with pneumatic on truck (for example 
EMB on steer axle and pneumatic on drive axle) 

Yes 

EMB on trailer and pneumatic on truck Yes 

EMB wheel-end changes   

Complete change of foundation brake and some 
changes to axle (ex. torque plate / spider bolt pattern) 

No 

Complete change of foundation brake only Yes 

Components affected by partial changes Caliper 

EMB braking system characteristics 

Disc brakes 

Type of caliper Floating 

Number of pistons Dual eccentrics 

Brake circuits 

Type of splitting of electronic braking system circuits Individually, diagonally and front / rear 

Different braking force per wheel (service braking) Yes 

EMB braking performance 

Longitudinal stability / brake performance difference (left vs. right) 

Disc brake Less than 10 % 

EMB reduction in wheel-end response time compared to pneumatic equivalent 

EMB on the truck -40 % 

EMB on the trailer -50 % 

EMB on truck and trailer -50 % 
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Table 6. Vienna Engineering and AVL EMB information and data (continuation) 

EMB expected reduced stopping distance from 60 mph compared to pneumatic equivalent 

Disc brake -15 % 

EMB maintenance and diagnostic: monitored variables during operation 

Temperature (pad / shoe / rotor / drum) Yes 

Wear status (pad / shoe / rotor / drum) Yes 

Clearance / slack adjustment No 

Brake force on rotor / drum Yes 

Brake torque Yes 

Power lines for braking Yes 

Communication network for braking Yes 

Overview of EMB changes to pneumatic system (assume air ride suspension) 

Total weight difference on truck (lb or %) Less than 10 % reduction 

Total weight difference on trailer (lb or %) Less than 10 % reduction 

Power consumption difference on truck (kW or %) -20 % 

Power consumption difference on trailer (kW or %) -20 % 

Overview of EMB changes to parking brake 

Type of parking brake replacing the spring-applied-air-
released (SAAR) 

Internal actuation mechanism, integrated lock 

Consequences of loss of electric power Steer axle auto release, drive axles auto lock (spring 
loaded) 

Required continuous power to keep parking brake 
disengaged 

A maximum of 3 to 5 A 

Collaboration with other manufacturers to develop EMB 

Commercial vehicle OEMs  Yes 

Trailer OEMs Yes 

Non-foundation brake OEMs  Yes 

Additional information 

Willingness to provide TMC with prototypes to test the 
EMB vs. FMVSS 121 

Yes 

 

EMB system from Walther Engineering & Manufacturing Company Inc. 

Table 7 depicts Walther EMC’s survey results. Although Walther EMC does not offer electromechanical 
service brakes, they are in the initial research and development stages of an electromechanical parking 
brake. More specifically, Walther EMC is currently studying the feasibility and viability of this type of 
parking brake for commercial vehicles. The data below reflects the presently available information 
regarding the electromechanical parking brake, unless otherwise indicated, and does not represent 
Walther EMC’s commitment to bring it into production. 
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Table 7. Walther EMC EMB information and data 

Overview of brake product offering 

Brake segments supplied Foundation brakes 

Vehicle type Trucks and buses 

Vehicle class Class 8 and below 

Type of friction brakes Hydraulic 

Company position on EMB offering Developing 

Type of road vehicle brakes to be replaced by EMB Hydraulic 

EMB prototyping and production 

Type of EMB prototype interested in or developing Electromechanical disc parking brake 

Vehicle type Trucks 

EMB prototypes developed None 

EMB prototypes technology readiness level (TRL) In very early phases of development 

Prototype phase completion estimate Q3, 2020 

Expected start of production (SOP) Q2, 2023 

EMB testing 

Type of testing conducted None 

Willingness to share test data with TMC No 

EMB challenging factors comparison (1: least challenging; 8: most challenging) 

Regulation and testing requirements  1 

Integration with existing systems 4 

Energy and power requirements 6 

Safety concerns and redundancies 5 

Consumer adoption (VOC) 2 

Available technology 7 

Cost constraints 8 

Safeguarding against hacking 3 

EMB forecast for Class 8 vehicles, US market segment 

Available Q3, 2024 (service brake) 

Street legal Q1, 2023 (service brake) 

Market share in 5 years 1 % (service brake) 

EMB technical specification  

Electric system 

Nominal voltage (V)  12 V 

Electrical energy storage system On board vehicle batteries 

Electrical energy generation system Alternator 
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Table 7. Walther EMC EMB information and data (continuation) 

Redundancy 

Number of redundant power circuits To be decided by vehicle OEM 

Number of redundant energy storage systems To be decided by vehicle OEM 

Number of redundant power generation systems 0 (single generator) 

Feasibility of electrical requirements 

On standard vehicles (non-hybrids or EVs) Yes 

On hybrids or EVs Yes 

Downsizing EMB on vehicles with regenerative braking No 

EMB communication and control 

Communication protocol to control foundation brakes CAN bus 

EMB possible integration with pneumatic brakes 

EMB blending with pneumatic on truck (for example 
EMB on steer axle and pneumatic on drive axle) 

Yes 

EMB on trailer and pneumatic on truck Yes 

EMB on truck and pneumatic on trailer Yes 

EMB wheel-end changes   

Complete change of foundation brake and some 
changes to axle (ex. torque plate / spider bolt pattern) 

No 

Complete change of foundation brake only No 

Components affected by partial changes Additional parking brake caliper and new torque plate 

EMB maintenance and diagnostic: monitored variables during operation 

Clearance / slack adjustment Yes  

Type of parking brake replacing the spring-applied-air-
released (SAAR) 

Spring-applied-electrical-released 

Consequences of loss of electric power Position will be maintained; mechanical override 

Required continuous power to keep parking brake 
disengaged 

0 

Collaboration with other manufacturers to develop EMB 

Commercial vehicle OEMs  Yes 

Trailer OEMs No 

Non-foundation brake OEMs  Yes 

Additional information 

Willingness to provide TMC with prototypes to test the 
EMB vs. FMVSS 121 

No 
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Discussion 

TMC partnered with the PIT Group to conduct a market review evaluating the "state of the art" of 
electromechanical brakes in the commercial vehicle industry, particularly Class 8 trucks. Furthermore, in an 
attempt to promote advanced braking technologies in the American trucking industry, TMC requested the 
PIT Group to acquire EMB test data as well as EMB prototypes to test against FMVSS 121 in a potential 
second phase of the EMB review.  

Prior to delving into electromechanical brakes, the PIT Group conducted an overview of advanced braking 
technologies including electronic braking systems, electro-pneumatic brakes, eddy current brakes, and 
regenerative braking. The aforementioned analysis confirmed that EMBs, along with an EBS, is the only 
viable braking technology capable of completely replacing traditional pneumatic brakes in Class 8 trucks. 
The other reviewed technologies are either partly reliant on pneumatics or cannot bring a vehicle to a full 
stop. 

With a focus on EMBs, the PIT Group researched the braking industry and evaluated 43 companies 
potentially active in the space (Appendix A). Out of the 43 companies, 16 were contacted (Table 1). The 16 
OEMs were selected for more than purely the basis of their involvement in pneumatic foundation brakes 
and electronic braking systems. More specifically, given that EMBs are purely electronic and do not rely on 
a physical medium (fluid) to transmit a braking force, a wide net was cast to include OEMs working in 
electrification as well as hydraulic brake manufacturers.  

Of the 16 OEMs contacted, five provided survey responses. The following section discusses each of the five 
survey responses individually and also provides an overview of the commercial vehicle EMB market as a 
whole based on all the information acquired. Furthermore, although WABCO did not provide the PIT Group 
with a survey response, they confirmed working on EMBs. 

Bendix Commercial Vehicle Systems LLC 

Despite the fact that no information regarding Bendix’s involvement in electromechanical brakes could be 
found in the public domain, Bendix confirmed that they are actively involved in the space. More precisely, 
Bendix has been developing EMBs for the past 15 years and is currently on their third generation. Bendix 
predominantly manufactures pneumatic brakes, however their EMB program is destined to replace both 
hydraulic as well as pneumatic braking systems in the trucking market in the long term.  

Bendix had developed numerous electromechanical disc brake variations, both fixed caliper and floating 
caliper designs have been investigated. Each design has different packaging constraints, some of which can 
fit in today’s ADB envelope with little or no modification to the torque plate, as well as different levels of 
power consumption. Depending on the model and gear reduction, Bendix’s EMBs can consume up to 5 kW 
during an ABS or ESC event. Furthermore, Bendix mentioned that a nominal voltage of 60 V or more would 
impose safety risks due to the accompanying high current. Consequently, the operating voltage of their 
EMBs will likely be 24 V, but 48 V would also work, indicating that high voltage systems are not necessary. It 
is therefore not surprising that Bendix confirmed that their EMB system is feasible on standard vehicles, in 
addition to hybrids and electric vehicles. Furthermore, Bendix also confirmed that their EMBs can be blended 
with pneumatic brakes on a truck as well as between a tractor and trailer, one of which has EMBs and the 
other pneumatic brakes. The J560 seven-pin connector will have to be complimented with another 
connector if EMBs are to be used on the trailer. 

The power required for EMB braking can be generated from a commercial vehicle’s alternator, provided that 
it has one output for the vehicle’s standard architecture and another output for the EMB system. Moreover, 
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the alternator must be galvanically isolated from each of the two (or more) batteries forming the power 
supplies for the EMBs. Each battery can power the remaining batteries and can also power each wheel-end. 
Hence, the brake circuit can be split individually, diagonally as well as front / rear. In addition to the 
communication network part of the standard vehicle architecture, Bendix will have a least one redundant 
communication network dedicated to the EMBs operating via CAN at a baud rate of 250 kb/s or more. 

Bendix is integrating a parking brake function directly within their EMB. The exact type of parking brake is 
yet to be determined. Bendix discussed a parking brake that would remain in its current state if there is a 
loss of power or potentially a parking brake that can be actuated in case a power loss occurs, similar to 
today’s spring-applied-air-released parking brakes. Bendix’s EMB also provides additional features such as 
brake diagnostics. The EMB can monitor temperature, wear status, side clearance, brake force, brake 
torque, the power lines as well as the communication networks. Another advantage is reduced wheel-end 
response time which can be reduced by 200 to 500 milliseconds, reducing a vehicle’s stopping distance by 
17.6 to 44 feet, if traveling at 60 mph. Bendix does not claim any improvement in longitudinal stability. 

Bendix’s EMB has already went through bench, track and on-road testing; it is currently at a pre-production 
level. However, Bendix is not willing to share test data with TMC. Moreover, although Bendix did not seem 
opposed to sharing prototypes with TMC to test against FMVSS 121, they are uninclined as they do not see 
the benefit of doing so at the current stage of the technology. More specifically, Bendix does not see EMBs 
being a viable alternative to pneumatic brakes until at least 2030. The main obstacle is not legislation, nor 
the available technology, but rather the cost associated with a sufficiently safe and redundant braking 
system. Bendix claims that it can be done today, however it would simply cost too much for the end user to 
be a viable product compared to air brakes. More precisely, a cost-effective architecture necessary for a 
sufficiently safe and redundant braking system is currently being developed to support automated driving 
levels three and above; the technology is 3 – 5 years away for use with pneumatic brakes. For use with EMBs, 
it could take five or more additional years to cost-effectively recreate electronically the redundancy inherent 
in pneumatic braking systems while mitigating all the new failure modes.  

Haldex AB  

Haldex is currently developing an electromechanical disc brake to be used on tractors, trailers and buses. 
Haldex’s EMB is destined to be a replacement for current air brake systems. It is scalable and capable of 
being packaged in both 19.5’’ and 22.5’’ wheels (Haldex, 2019d). As shown in Figure 1, the EMB fits within 
the envelope of an air disc brake with a 20’’/24’’ spring brake chamber. Other than the caliper, the remaining 
foundation brake components, namely the rotor and pads, remain the same. Furthermore, there are no 
alterations required to the axle or torque plate. Hence, Haldex’s EMB is capable of being integrated onto a 
standard axle with a standard wheel-end, while also using the same wearable parts for general brake 
maintenance. Haldex’s EMBs cannot be blended with pneumatic brakes onboard the same truck, nor can 
EMBs be integrated onto a trailer if the tractor has pneumatic brakes. However, a tractor with Haldex’s EMBs 
can be blended with a trailer operating pneumatic brakes. In regard to the trailer connector that will be used 
along with EMBs, it is still unclear. Haldex is currently considering ISO 12098 and ISO 13044. 

Haldex’s electromechanical disc brake (Figure 2) is a single piston, floating caliper design. The piston is 
actuated by a brushless DC motor via a planetary gear train (Haldex, 2019d). The parking brake function is 
integrated directly into the EMB and also shares some of the functions used for service braking. As depicted 
in Figure 3, Haldex integrated a clutch into the brake actuation mechanism. When the clutch is open, the 
motor is allowed to rotate and actuate the piston. However, when the clutch is closed, the piston is locked 
in its current position and retains its normal force on the rotor without drawing any power. Hence, the clutch 
is used to reduce energy consumption during static braking and to lock the piston in place as a parking brake. 
The electromechanical parking brake, however, does not provide a fail-safe in case of a complete power loss 
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as do spring-applied-air-released parking brakes on pneumatic braking systems. Moreover, in addition to 
the parking brake, Haldex also incorporated numerous diagnostic features into their EMB; Haldex monitors: 
wear status, rotor side clearance, brake force, power lines for braking as well as the communication 
networks for braking. All of the aforementioned functions are assisted via an onboard ECU known as a caliper 
control module (CCM). 

 

Figure 1. Haldex EMB packaging envelope (courtesy of Haldex). 

 

 

Figure 2. Haldex EMB component breakdown (courtesy of Haldex). 
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Figure 3. Haldex EMB clutch function (courtesy of Haldex). 

Haldex’s electromechanical disc brakes operates under a nominal voltage of 24 V. Each axle possessing an 
EMB also contains an axle control module (ACM). The ACM manages both the power distribution and control 
of its respective CCMs (Figure 4).  

 

 

Figure 4. Haldex EMB system diagram, 2-axle vehicle (courtesy of Haldex). 
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Each ACM has a maximum current input of 12.5 A, although only about 1.25 A is required on average. In 
terms of power, each ACM can withstand up to 300 W of input charging power but requires only 35 W on 
average. The power for an EMB’s actuation is drawn from an ultracapacitor present in its ACM which can 
output much more than 300 W. Furthermore, as a redundancy, each ACM can provide power to another 
ACM if necessary. However, if an ACM is cut-off from an EMB on its axle, another ACM cannot power it. In 
other words, there is a power supply redundancy between axles, but not between an ACM and its own 
EMBs. Such a system is similar to a pneumatic braking system where there are no redundancies between 
the ratio valve / relay valve and its wheel-ends. Furthermore, given the manner in which power is supplied 
from an ACM to its EMBs, the brake circuits can only be split front / rear. The brake force of each EMB can 
nonetheless be controlled independently. Communication operates under the CAN FD protocol with a baud 
rate of 500 kb/s or 1 Mb/s, and there is a total of four networks dedicated to the braking system aboard a 
2-axle vehicle, one redundancy per axle. Moreover, only a single generator is necessary to operate Haldex’s 
EMB system and can be a conventional alternator provided that it is not 100 % utilized by the standard 
vehicle architecture. Consequently, in addition to being feasible on hybrids and electric vehicles, the 
electrical requirements of Haldex’s EMBs are feasible on conventional vehicles as well.  

Haldex’s electromechanical disc braking system provides many of the advantages expected from electronic 
braking systems and electromechanical brakes in general. Haldex mentioned their EMBs involve quieter 
braking, less air pollution, less maintenance, more controlled wheel slip, more stable caliper clamping force, 
and reduced braking response time. Furthermore, Haldex claims that there EMBs can reduce stopping 
distance by 15 – 20 %, reduce braking energy consumption by 60 – 90 % and reduce weight by 25 % (about 
100 kg). It is important to note that the reference vehicle for the aforementioned energy and weight 
reduction values is a 2-axle city bus with a steel suspension. However, most Class 8 trucks will not be able to 
take full advantage of the weight and energy savings made possible by EMBs as they rely on pneumatics for 
their suspension.   

Haldex has already developed 100 prototypes and conducted both bench and track tests. Figure 5 shows an 
example of Haldex’s prototype.  

 

 

Figure 5. Haldex EMB system (courtesy of Haldex). 
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They are currently at a technology readiness level of 7, meaning that their EMB is sufficiently advanced to 
be demonstrated in a real operational setting. Haldex expects to complete prototyping by 2020 and will start 
production towards the end of 2021 (Figure 6). Although Haldex was not ready to quantitatively comment 
on the cost of their EMB system, they did mention that going from a pneumatic braking system to an 
electromechanical braking system on a truck would cost ‘’slightly more’’ and would cost ‘’more’’ on a trailer. 
Haldex’s initial market will be China and does not anticipate the technology to be available in the United-
States until 2023. Furthermore, due to regulations and legislation, Haldex expects EMB technology to be 
legal on US roads only in 2025. Hence, it is not surprising that when asked to rank the biggest obstacles 
towards EMB development, Haldex ranked regulations and testing requirements as the most challenging. 
Nevertheless, Haldex is prepared to share EMB test data with TMC and also open to providing prototypes to 
test against FMVSS 121 in the hopes that it may accelerate regulatory adoption of the technology in the US. 

 

 

Figure 6. Haldex EMB roadmap, 2017-2022 (courtesy of Haldex). 

Knott Brake Company and Knott Vortex PVT Ltd. 

Knott manufactures numerous foundation brake models and also participates is custom brake design. When 
approached by the PIT Group regarding electromechanical brakes, Knott forwarded the inquiry to their joint 
venture, Knott Vortex, as they themselves do not manufacture any EMBs. Although Knott Vortex has been 
manufacturing electromagnetic parking brakes for industrial machinery for over 25 years, they do not have 
any experience with electromechanical brakes. Knott Vortex nevertheless responded to the survey, however 
the data will not be discussed here as it does not apply to EMBs.  

VE Vienna Engineering Forschungs- und Entwicklungs GmbH and AVL List GmbH 

VE’s electromechanical disc brake concept (Figure 7) was demonstrated at EuroBrake in 2018 (VE, 2019b). 
Their EMB was developed in partnership with AVL. VE’s EMB concept is being developed to replace both 
hydraulic as well as pneumatic brakes, from passenger vehicles up to Class 8 trucks and trailers. The 
electromechanical disc brake is in its third generation and over 20 prototypes have been developed. VE has 
already completed both bench and track testing but has yet to conduct on-road testing. Although VE’s EMB 
design is currently destined for the passenger vehicle segment, they have conducted tests where a Ford 
F350 towed an 11 ton 2-axle trailer with EMBs operating at 12 V. The EMBs were controlled via a PWM signal 
though an SAE J560 connector, nevertheless VE anticipates the use of an ISO 12098 connector in the future. 
The communication protocol can be either analog PWM, CAN or FlexRay, with a baud rate of 500 kb/s.  
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Figure 7.  VE and AVL EMB (courtesy of VE). 

Unlike linear actuation that is usually adopted by calipers for brake application, VE’s floating caliper 
incorporates a dual eccentric design resulting in an eccentric rather than linear movement (Figure 8). The 
movement is created by a cam (snail) that operates a roller connected to a four-bar mechanism. As the snail 
rotates, the roller is forced to move along its profile which actuates the four-bar mechanism and applies the 
pads onto the rotor. A link towards the animation of this movement can be found below2. VE claims 
numerous advantages due to this type of actuation: very rapid actuation, self-amplification towards the end 
of the movement, a mechanically integrated parking brake as well as high force generation with the use of 
standard bearings (VE, 2019). The parking brake is spring actuated and will trigger on the rear axles if there 
is complete loss of power. Also, the caliper can be integrated onto a standard wheel-end without any 
changes to the axle. 

The electromechanical disc brake developed by VE and AVL for passenger vehicles operates on 12 V. 
Nonetheless, the commercial vehicle variant is expected to operate on 24 or 48 V, with a maximum current 
of either 50 or 25 A, respectively. Although the normal power consumption is relatively low, the maximum 
continuous power per EMB is 1 kW and the peak power is 1.4 kW (can be maintained for 500 ms). With 
these specifications, a maximum clamping load of 240 kN can be generated within 400 ms. The power can 
be drawn from the standard batteries on-board the vehicle along with a redundant set. The batteries will be 
charged by the vehicle’s alternator, although a larger than standard one may be needed. As a result, VE’s 
EMBs are feasible on vehicles with conventional powertrains as well as hybrids and electric vehicles. 
Furthermore, the system incorporates two power circuits per EMB, one of which is redundant. Similar to the 
power circuits, there will be two communication networks for braking per EMB. The braking circuit can be 
split individually, diagonally or front / rear, and each EMB can generate a different braking force during 
service braking. Moreover, VE and AVL claim that their EMB can be blended with pneumatic brakes on the 
same vehicle and can also be blended between a truck with pneumatic brakes and a trailer with EMBs. 

 

 

2 http://www.elektronik.co.at/camAnimFwdBwd.gif 

http://www.elektronik.co.at/camAnimFwdBwd.gif
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Figure 8. Mechanical actuation of VE’s and AVL’s EMB (courtesy of VE). 

VE’s electromechanical disc brakes provides numerous advantages over current pneumatic brakes. The EMB 
will be able to monitor temperature, wear status, brake force, brake torque as well as the power lines and 
communication networks. Furthermore, longitudinal stability will be slightly increased over conventional air 
disc brakes, wheel-end response time will be reduced by 40 to 50 % and the stopping distance will be 
reduced by 15% from 60 mph. Lastly, even when using an air suspension, VE and AVL claim that power 
consumption can be reduced by 20 % and weight by less than 10 % compared to pneumatic brakes. 

The electromechanical disc brake is currently at a technology readiness level of 5 for passenger vehicles. 
Prototyping is expected to be complete by mid-2020 and production is expected to begin in 2025. The 
biggest challenge to bring the technology to market involves safety requirements as well as sufficient system 
redundancy. VE expects that the technology will be available in the US for Class 8 trucks towards the second 
half of 2024 and will possess a market share of 15 % as of 2025. Nonetheless, even at its current development 
stage, VE and AVL are open to providing TMC with test results as well as prototypes to test against FMVSS 
121. 

Walther Engineering & Manufacturing Company Inc. 

Walther EMC is not currently developing an electromechanical service brake; however, they are in the 
preliminary developmental phases of an electromechanical parking brake (EMPB). More precisely, without 
making a commitment to bring it to market, Walther EMC is studying the requirements and constraints of 
an EMPB for commercial vehicles with a gross weight rating up to 26 000 lb. The EMPB is a caliper that is 
intended to be integrated directly at the wheel-end with Walther EMC’s hydraulic disc brake system. The 
rotor will remain the same, nevertheless a new torque plate will be necessary to retain both the original 
service brake caliper as well as the additional electromechanical parking brake caliper. Although, the initial 
design is specifically for Walther EMC’s foundation brakes, they have stated that it could be adapted to 
function with other hydraulic disc brakes as well. The EMPB will utilize a brushless DC motor with a power 
screw gear train, similar to what is currently used in the automotive sector. The parking brake will operate 
on 12 V and will draw power directly from the on-board battery. Power will be drawn only during actuation, 
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which will be communicated via CAN bus. Given that many commercial vehicles have more than a single 12 
V battery, the EMPB can be connected to more than one battery for redundancy purposes, however Walther 
EMC stated that this will be up to the vehicle OEM. Furthermore, if a loss of power to the EMPB occurs, it 
will remain in its current state and there will be a mechanical override to engage or disengage the parking 
brake manually if necessary. Walther EMC expects that production of their EMPB will begin in 2023. 
However, when asked about electromechanical service braking, they guessed that the technology will be 
available in the United-Sates only towards the second half of 2024. Given that legislation constraints on 
parking brakes are not the same as for service brakes, Walther EMC rated regulations as being the least 
challenging to overcome, and cost being the biggest factor. 

Overview of all findings 

Based on the companies reviewed, electromechanical service brakes seem to be mostly, if not all, disc 
brakes. Although some manufacturers offer electromechanical parking brakes that are drum-based, there 
appears to be a shift away from drum brakes in general. The predominance of electromechanical disc brakes 
may be due to the advantages inherent in disc brake technologies or due to the difficulty of integrating 
electromechanical drum brakes onto a standard wheel-end. As mentioned in Haldex’s survey response, 
adapting an electromechanical drum brake will require some alterations to the axle. However, all the 
sampled OEMs developing electromechanical disc brakes claimed that no changes to the axle are necessary. 

Furthermore, the power requirements of EMBs does not appear to restrict them from being used on 
commercial vehicles with conventional powertrains. Walther EMC’s electric parking brake will operate on 
12 V directly from the onboard batteries. Vienna Engineering’s foundation brake for the automotive sector 
also operates on a 12 V battery supply, but their commercial vehicle variant will operate on 24 or 48 V. 
Similarly, Bendix claimed that their EMBs can also operate on either 24 or 48 V, although 24 V is more likely. 
With regards to Haldex’s system, the nominal voltage is 24 V and their ACMs draw only 35 W on average. All 
the sampled OEMs also confirmed that the energy necessary to power the electromechanical disc brakes 
can originate from a vehicle’s alternator, although a slightly larger version than conventionally used may be 
necessary. A dual output, one for the standard vehicle architecture and another for the electromechanical 
braking system, would likely be required on the alternator. 

It is interesting to note that although both Haldex and Bendix have been working on electromechanical 
braking technology for around 15 years or more, neither have a product that is currently market ready. In 
addition, both OEMs offer differing views as to why this may be. Haldex views regulatory standards as the 
biggest obstacle. While Bendix agrees that legislation is currently impeding the use of EMBs, they claim that 
the technology is not currently available at a cost-effective price. Hence, even if legislation is overcome, 
Bendix claims that the cost of a sufficiently safe and robust architecture to support EMBs would render them 
nonviable when compared to current pneumatic brakes. When the electronic architecture does become less 
costly, Class 8 trucks with air suspension will nonetheless have to maintain a large portion of their pneumatic 
system, thus presenting another hurdle towards cost-effectiveness. Consequently, in order to take 
advantage of less strict regulatory intervention while also taking advantage of all the benefits of EMBs, 
Haldex has been conducting tests in China with electric buses with steel suspension. Bendix, Haldex and 
Walther EMC all agree that in five years EMBs will represent only 1 % or less of the foundation brake market 
for Class 8 trucks in the United-States. Although Bendix and Haldex disagree about the impact of government 
regulations, they, along with VE and AVL, agree that safety requirements and adequate redundancies 
present an important challenge. Hence, all the sampled OEMs developing EMBs for service braking claim the 
necessity of at least one main and one redundant power source (battery or ultracapacitor), power circuit 
and communication network. They also all agree that only a single alternator can be sufficient, similar to a 
single compressor used for pneumatic brakes. 
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In addition to evaluating the implementation of EMBs on commercial vehicles as the sole service brakes, 
EMBs have been evaluated based on their capacity to be integrated with other systems as well. When asked 
if EMBs can be blended with pneumatic brakes on the same truck, Bendix and VE confirmed that they can 
while Haldex confirmed that their system cannot. Bendix and VE have brake circuits that can be split in any 
manner, whereas Haldex’s brake circuit can only be split front / rear. Hence, it appears that the way the 
brake circuit is split may dictate the capacity to blend EMBs with pneumatic brakes aboard the same vehicle. 
Furthermore, Haldex stated that their EMBs can be placed on a truck towing a trailer with pneumatic brakes, 
but the reverse is not possible. However, Bendix confirmed that it is possible and VE has already conducted 
tests where a Ford F350 with hydraulic brakes towed an 11-ton trailer with EMBs. Although, VE conducted 
their tests with an SAE J560 connector, it will not be sufficient to support advanced EMB architecture with 
sufficient communication and redundancies. Consequently, the OEMs have mentioned that ISO 12098 or 
ISO 13044 would possibly be used, but it is yet to be confirmed. On another note, EMBs offer superior 
blending with regenerative braking when compared to pneumatic brakes. Although regenerative braking 
can supplement service braking, Bendix does not recommend downsizing the EMBs on a vehicle that has 
regenerative braking capacity, while both Haldex and VE claim that it can be done. 

Despite the differences inherent in each OEM’s electromechanical braking system, they claim to possess 
similar advantages over current pneumatic brakes such as increased wheel-end diagnostics and reduced 
stopping distance. The variables investigated include temperature, wear status, side clearance, brake force, 
brake torque as well the functionality of the power lines and communication networks for braking. Bendix’s 
system is capable of monitoring all of the aforementioned variables, while Haldex does not monitor 
temperature or brake torque and VE does not monitor side clearance. When considering the FMVSS 121 
reduced stopping distance requirement of 250 feet, Bendix, Haldex and VE claim a reduction in stopping 
distance of up to 15 – 20 % (NHTSA, 2013). Furthermore, other potential advantages include reduced energy 
consumption and reduced weight, however this will depend on the type of suspension and the type of 
powertrain used. Lastly, all the sampled electromechanical service brakes have integrated parking brake 
features. There is debate, however, as to whether the parking brake will automatically engage in case of a 
loss of power similarly to spring-applied-air-released brakes. Bendix mentioned the possibility of doing so 
without any continuous energy consumption, whereas VE’s EMB does auto-apply but requires a little 
amount of continuous power. Haldex, on the other hand, does not offer an automatically actuated parking 
brake in case of power loss.   
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Conclusion 

It is apparent that with the increase in adoption of electronic braking systems and advanced driver-
assistance systems, the transportation industry is shifting towards increased safety-oriented technologies. 
However, there is concern when it comes to shifting to a pure brake-by-wire system. For example, although 
the technology is available in the automotive sector, there are currently no mass-produced brake-by-wire 
systems (Market Watch, 2019). The main cause of concern involves new types of failure modes such as 
power or communication malfunctions. As a result, commercialized systems today are generally electro-
hydraulic.  

In the commercial vehicle industry, Haldex and Bendix appear to have been actively participating in EMB 
development longer than other companies. Although WABCO has confirmed its involvement in EMB 
development, they did not state to what extent and since when. Furthermore, it is possible that other 
foundation brake OEMs are also actively involved, however no further information could be acquired. Similar 
to the automotive sector, the technology for electromechanical brakes is available for commercial vehicles, 
yet there is debate among OEMs as to why the technology is not market ready. Bendix claims that the cost 
of a sufficiently safe, redundant and robust system is too expensive today to compete with current 
pneumatic braking systems. Haldex, on the other hand, had to first find a market where EMBs would be an 
accepted technology in order to justify the financial investment and continue development. Consequently, 
Haldex is currently highly active in China where legislation imposes less constraints on EMBs.  

Nevertheless, in order to further the discussion around EMBs, more detailed information is necessary. Both 
Haldex and VE are open to cooperating and providing more information to TMC. More specifically, both are 
open to sharing EMB test data and to providing TMC with EMB prototypes to test against FMVSS 121. This 
may prove a good opportunity to demonstrate the potential benefits of EMBs and push the discussion 
further for an earlier adoption of EMBs than currently foreshadowed for Class 8 trucks in United-States. It is 
important to note, however, that currently available systems, such as electronic braking systems, already 
allow the use of some advanced driver-assistance systems. Also, when coupled with Haldex’s Fast Acting 
Brake Valve, EBS can provide reduced stopping distances similar to EMBs. Hence, while Class 8 trucks are 
still dependent on pneumatics for their suspension, it raises the question if EMBs are worth being 
implemented today. 
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Appendix A. Brake market review 

When researching OEMs and their implication in EMB development, a total of 43 companies were 
researched. Companies were evaluated based on past patents, current product offerings as well as on press 
releases and any indication of future involvement in EMB technology. Table 8 lists the 43 OEMs and provides 
a brief description of their involvement in braking systems and EMBs. Due to the fact that many of the OEMs 
do not participate in the trucking industry (out of scope) and due to the vast nature of information available 
on each one, the depiction below cannot be considered entirely comprehensive. Furthermore, note that 
electronically controlled brakes are the automotive variant of electronic braking systems for commercial 
vehicles.  

Table 8. Stakeholders in the brake industry 

No. Company Relevant involvement in brakes and EMB Segment Contacted 

1 Accuride Corporation Wearable brake parts (rotors, drums, slack 
adjusters, etc.) 

Commercial No 

2 AC Delco Automotive Parts Standard brake parts Automotive No 

3 ADVICS CO., LTD. Electric parking brake, regenerative braking and 
ADAS 

Automotive No 

4 Aisin Seiki Co., Ltd. Electric parking brake and electronically 
controlled brakes 

Automotive No 

5 Akebono Brake Industry Co., Ltd Electric parking brake and EMB Automotive No 

6 Allison Transmission Inc. Electric drivetrain solutions Commercial Yes 

7 ATE (a brand of Continental 
Automotive GmbH) 

Custom braking systems Automotive & commercial Yes 

8 Autoliv Inc. Braking electronics and control Automotive No 

9 AxleTech International, LLC Foundation brakes and components Commercial Yes 

10 Bendix Commercial Vehicle 
Systems, LLC 

Shifting towards electronic braking systems and 
developing EMB 

Commercial Yes 

11 Brembo S.p.A. Electronically controlled brakes and developing 
EMB 

Automotive Yes 

12 BWI Group (BeijingWest 
Industries Co., Ltd.) 

Electric parking brake Automotive Yes 

13 Chassis Brakes International B.V. Electric parking brake and developing EMB Automotive No 

14 Compact International (1994) Co., 
Ltd. 

Wearable brake parts Automotive No 

15 Continental AG Electronically controlled brakes and electric 
parking brake 

Automotive No 

16 ContiTech Vibration Control 
GmbH 

Parts for brake systems Automotive No 

17 Cooper Standard Automotive Inc. Non-foundation brake components Automotive No 

18 Delphi Automotive LLP Patent on electric parking brake and developing 
EMB 

Automotive No 

19 Edscha Holding GmbH Patent on electronic parking brake Automotive No 
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Table 8. Stakeholders in the brake industry (continuation) 

No. Company Relevant involvement in brakes and EMB Segment Contacted 

20 EnPro Industries, Inc. Wearable brake parts (drums, shoes, pads slack 
adjusters, etc.) 

Commercial No 

21 Federal-Mogul Corporation Wearable brake parts (rotors, pads, shoes, etc.) Automotive & commercial No 

22 Haldex AB Electronic braking system and developing EMB Commercial Yes 

23 Hella Pagid GmbH Electric parking brake Automotive No 

24 Hitachi Automotive Systems, Ltd. Electronically controlled brakes and electric 
parking brake 

Automotive No 

25 Honeywell International Inc. Braking systems Aerospace No 

26 Hyundai Mobis Co., Ltd. Electronically controlled brakes Automotive No 

27 ITT Corporation Brake pads Automotive No 

28 Knorr-Bremse AG Electronic braking systems and ADAS Commercial Yes 

29 Knott Brake Company  Foundation braking systems, custom brakes and 
electromagnetic brakes 

Industrial and 
commercial 

Yes 

30 MAN Truck & Bus SE Electronic braking system Commercial Yes 

31 Mando Corporation Electronically controlled brakes, electric parking 
brake and patent on EMB 

Automotive No 

32 Meritor, Inc. Foundation brakes and components Commercial Yes 

33 Mitsubishi Fuso Truck and Bus 
Corporation 

Brake pads and shoes Commercial No 

34 NTN Corporation Electric parking brake and EMB Automotive No 

35 Robert Bosch GmbH  Foundation and non-foundation brakes Commercial Yes 

36 Rockwell L.V.S. France SA Patent on electric parking brake Light vehicles No 

37 TMD Friction Holdings GmbH Friction materials Automotive & commercial No 

38 TRW Inc. Remanufactured brake calipers, discs and pads Commercial No 

39 VE Vienna Engineering 
Forschungs- und Entwicklungs 
GmbH 

Developing EMB Automotive & commercial Yes 

40 WABCO Holdings, Inc. Air disc brakes, electronic braking system, 
developing EMB and ADAS 

Commercial Yes 

41 Walther Engineering and 
Manufacturing Co., Inc. 

Hydraulic disc brakes, rotors, drums and 
studying an electric parking brake concept 

Commercial Yes 

42 Webb Wheel Products, Inc. Air disc brakes, rotors and drums Commercial Yes 

43 ZF North America, Inc. Electric drivetrain solutions Commercial Yes 
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Appendix B. Survey questionnaire 

Electromechanical Brake Review – Commercial Vehicles  
Introduction 
The American Trucking Associations’ Technology & Maintenance Council (TMC) has partnered with 
FPInnovations PIT Group to evaluate the state of the art of electromechanical brakes (EMB) for tractor 
trailers. In addition to understanding the EMB landscape, TMC would like to identify prototypes for a 
potential second project phase to test and compare EMB to pneumatic braking systems.  

TMC asked PIT Group to contact major brake OEMs to better understand the challenges, limitations and 
obstacles regarding implementation of EMB on Class 8 trucks. 

The scope is limited to friction brakes that apply force through electromechanical actuation, rather than 
pneumatic. Although the intent is to drive advanced safety technologies into the tractor trailer industry, 
an analysis of EMB in other applications will enable a better understanding of if and when such 
technologies will be available for trucks. 

The areas of study involve:  
1. Company Profile 
2. Product Offering 
3. Development 
4. Electrical Specifications 

5. Communication & Control 
6. Integration 
7. Performance 
8. Maintenance & Diagnostics 

9. Pneumatic Changes  
10. Collaborative Involvement 
11. Additional Information 

Instructions: Please respond to as many questions as you can. If you are uncomfortable answering, if 
you do not know the answer, or if the question is not applicable, respond N/A. 

 
1. Company Profile 

1.1. General information 

Company name:        Head office location:       

1.2. Contact information: 

Name:         Position:       
Phone number:        Email:       

 
2. Product Offering: 

2.1. Overview of Product Offering 

Current and Future Brake Offerings Market Position Yes No N/A 

What brake segments do you supply? 
Foundation Brakes    

Non-Foundation Brakes    

What types of vehicle do you offer brake products for? 

Trucks     

Buses    

Industrial equipment    

What Class of gross vehicle weight rating do you offer 
brake products for? 

Class 8    

Class 1 to 7    

Below Class 1    
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Current and Future Brake Offerings Market Position Yes No N/A 

What type of friction brakes do you currently offer? 

EMB    

Pneumatic    

Hydraulic    

What is your company’s position on offering EMB for 
on-road vehicles? 

Developing    

Interested    

Not Interested    

What type of road vehicle brakes are you interested in 
being replaced by EMB? 

Pneumatic     

Hydraulic    
 

*If you are not interested in offering EMB for on-road vehicles, please skip to section 11 and explain 
why* 

 
Please answer the following questions with only a single application of EMB in mind: either as a 
replacement for pneumatic brakes, either as a replacement for hydraulic brakes, or either as a replacement 
for another type of brake. If you are working on numerous applications, responses regarding EMB replacing 
pneumatic brakes are preferred. Furthermore, some questions are specific to Class 8 trucks and trailers, 
please respond N/A if these questions do not apply to you. 

Please indicate which EMB application you will be referring to in the following sections (select only one)? 

❖ EMB to replace pneumatic brakes    

❖ EMB to replace hydraulic brakes     

❖ EMB to replace other brakes (specify):          

 
3. Development of EMB for Road Vehicles 

3.1. Prototyping 

3.1.1. Prototyping Overview  

Interests / Development  Market Position Yes No N/A 

What type of EMB are you either interested in or already 
developing? 

Disc    

Drum    

Other (specify):          

What type of vehicle are you either interested in or 
already developing an EMB for? 

Truck    

Trailer    

Other (specify):          

3.1.2. Have you developed any EMB prototypes? 

❖ Yes  

➢ How many?       

➢ What technology readiness level (TRL) have you achieved?       

❖ No   

3.1.3. When do you expect prototyping to be completed (prior to testing)?                   
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3.2. Testing 

3.2.1. What type of tests have you conducted? 

Type of Test Yes No N/A 

Bench    

Track    

On-road    

3.2.2. Are you willing to share testing data with TMC? 

❖ Yes    

❖ No    

3.3. Production 
3.3.1. When do you expect the start of production (SOP) to be? 
                 

3.4. Challenges 

3.4.1. Rate the following 8 factors in ascending order in terms of difficulty to satisfy (8 being the most 

challenging) 

Factor Rank 

Regulation and testing requirements        

Integration with existing systems       

Energy and power requirements       

Safety concerns and redundancies       

Consumer adoption (VOC)       

Available technology       

Cost constraints       

Safeguarding against hacking       

3.5. Forecasts 

3.5.1. Overview of Forecasts  

Situation Quarter, Year 

When do you expect EMB to be available in the US for Class 8 trucks?        

When do you expect EMB to be street legal in the US for Class 8 trucks?       

What US market share do you think EMB will represent in Class 8 trucks (in 5 
years)? 

      

 
4. Electrical Specifications of EMB System 

4.1. What are the general electrical parameters of the EMB system?  

Parameter Value 

Nominal voltage (V)        

Maximum current (A)       

Continuous power output (kW)        

Maximum power output (kW)        

Maximum duration of peak power (s)        
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4.2. Energy Storage and Power Generation 

Parameter Systems 

What system(s) do you use for energy storage?       

What system(s) do you use to generate electrical energy?       

4.3. Redundancy (additional to primary systems) 

Redundancy Value 

How many redundant power circuits are there?       

How many redundant energy storage systems are there?        

How many redundant power generation systems are there?       

4.4. Feasibility on Vehicles 

Feasibility Yes No N/A 

Are the electrical requirements feasible on standard vehicles (non hybrids or EVs)?    

Are the electrical requirements feasible on hybrids and EVs?    
Can the EMB system be downsized when a vehicle has regenerative braking?    

 
5. Communication and Control 

5.1. Communication and Control Overview 

Characteristic Description 

What communication protocol is used to control the foundation brakes?       

What baud rate is used to control the foundation brakes?       

What tractor trailer connector will be used?       

How many redundant (additional) communication networks are there?       

 
6. Integration 

6.1. Brake Blending 

Description of Blending Yes No N/A 

Can EMB be blended with pneumatic brakes on a truck (ex. EMB on steer axle and 
pneumatic on drive axle)? 

   

Can EMB be blended between a truck and a trailer - EMB on the trailer and 
pneumatic on the truck? 

   

Can EMB be blended between a truck and a trailer - EMB on the truck and 
pneumatic on the trailer? 

   

6.2. Wheel End Changes 

6.2.1. What must change in order to integrate EMB on current Class 8 trucks? 

Description of Change Brake Variant Yes No N/A 

Complete foundation brake and some changes to axle (ex. 
torque plate / spider bolt pattern)? 

True for disc brakes    

True for drum brakes    

Complete change of foundation brake only? 
True for disc brakes    

True for drum brakes    
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6.2.2. If only partial changes will occur, list the components that are affected 

Drum brakes Disc brakes 

            

 

7. Performance 

7.1. Foundation Brake Characteristics 

Foundation Brake  Feature Characteristic 

What are the disc brake characteristics of the EMB you 
are interested in or already developing? 

Type of caliper       

Number of pistons       

Brake pad D.O.T. edge code       

What are the drum brake characteristics of the EMB you 
are interested in or already developing? 

Type of drum brake       

Brake shoe D.O.T. edge code       

7.2. Brake Circuit Characteristics 

Brake Circuit Characteristic Brake Actuation Yes No N/A 

How can your electronic braking system circuits be 
split? 

Individually    

Diagonally     

Front / Rear    

Can each wheel end apply a different braking force? Service braking    

7.3. Performance Characteristics 

Performance Characteristics EMB Type / Position Value 

What is the longitudinal stability / brake performance 
difference (left vs. right) when using EMB? 

Disc brake       

Drum brake       

What is the reduction in wheel-end response time 
when comparing an EMB to a pneumatic equivalent? 

EMB on the truck       

EMB on the trailer       

EMB on truck and trailer       

What is the expected reduced stopping distance from 
60 mph of EMB compared to a pneumatic 
equivalent? 

Disc brake       

Drum brake       

 
8. Maintenance and Diagnostics 

8.1. Which of the following variables will be monitored during operation? 

Variable Yes No N/A 

Temperature (pad / shoe / rotor / drum)    

Wear status (pad / shoe / rotor / drum)    

Clearance / slack adjustment    

Brake force on rotor / drum    

Brake torque    

Power lines for braking    

Communication network for braking    
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9. Pneumatic System 

9.1. Overview of Changes to Pneumatic System 

Characteristic Difference Value 

What is the total weight difference when changing from pneumatic 
to EMB (assume air ride)? 

On a truck (lb or %)       

On a trailer (lb or %)       

What is the power consumption difference when changing from 
pneumatic to EMB (assume air ride)? 

On a truck (kW or %)       

On a trailer (kW or %)        

What is the cost difference when changing from pneumatic to EMB 
(assume air ride)? 

On a truck (USD or %)       

On a trailer (USD or %)       

9.2. Parking Brake 

9.2.1. What type of parking brake will replace the spring applied air released (SAAR) variant? 
                 
9.2.2. What would happen if there is a loss of electric power? 
                 
9.2.3. How much continuous power will the parking brake require to remain disengaged? 
                 

10. Collaboration 
10.1. Collaboration Overview 

Collaborative Involvement Yes No N/A 

Did you collaborate with commercial vehicle OEMs for the development of your 
EMB? 

   

Did you collaborate with trailer OEMs for the development of your EMB?    
Did you collaborate with non-foundation brake OEMs for the development of your 
EMB? 

   

Would you be open to provide TMC with prototypes to test your EMB vs. FMVSS121?    

10.2. Please share the contact information of your collaborators so that we may share the 

survey  

Company Contact Name Email and Phone Number 

                  

                  

                  

                  

 
11. Additional Information 

11.1. Please provide any additional information that you deem noteworthy 
                 

11.2. Do you want to remove business information and name of participant prior to providing 
the questionnaire and results to the Project Authority (TMC)?    

❖ Yes  

❖ No   

Thank you for your participation! 
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For more information 

Dave Waknin, Jr. Eng. 

Researcher  

514-782-4491 

dave.waknin@fpinnovations.ca 

 
PIT Group (FPInnovations) 

570, Saint-Jean Blvd., Pointe-Claire (QC) H9R 3J9 

thepitgroup.com  
fpinnovations.ca 
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