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Testing Critical Properties of Brake Fluids

Brake fluids are unique among hydraulic fluids because they
are considered safety-critical vehicle equipment by the
National Highway Traffic Safety Administration (NHTSA).
Their primary function is to transfer braking force from the
pedal to the wheels while protecting brake system

components. Savant Labs conducts comprehensive tests on

brake fluids to ensure they maintain appropriate viscosity
across various temperatures, remain compatible with different rubber materials used in brake
systems, and do not damage metal components. Key tests include kinematic viscosity
measurement, compatibility checks, and assessments of fluid stability under chemical and
temperature stressors.

Incompressibility is another crucial property of brake fluids, as it ensures the effective transfer of
force within the braking system. To prevent the formation of compressible gas pockets, brake fluids
must have high boiling points and avoid air absorption. The Equilibrium Reflux Boiling Point (ERBP)
tests measure the fluid's boiling point under both dry and wet conditions. Given these rigorous
testing protocols, Savant Labs can build a testing package to meet your needs for a variety of

applications.
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Brake Fluid Classification

Brake fluids fit into classifications depending on their chemical composition, viscosity, and boiling
point. The Department of Transportation specifies DOT 3,
DOT 4, DOT 5, and DOT 5.1 in FMVSS 116. SAE
specifications J1703, J1704, J1705, and ISO Class 3, 4,
5.1, and 6 mostly align with the DOT classifications with a
few minor differences. Even though the Department of
Transportation does not designate classes DOT 4+ or

SUPER DOT 4, manufacturers often apply these

designations to fluids meeting the additional requirements of ISO Class 6. Table 1 shows the

relationship between these classifications.

Table 1. Comparison of classification specifications [1, 2, 3, 4].

s Comparable SAE Comparable ISO
gig;ﬁ;zfgg Critical Limits Classification & Classification &
e Differences Differences
ERPB =z 205 °C
Wet ERBP = 140 °C
KV @ 100 °C =2 1.5 mm¥s SAE J1703
DOT3 KV @ -40 °C < 1,500 mm?/s ISO 4925, Class 3
Colorless to amber
7<pH=115
ERPB = 230 °C
\é\(fté?gg 02015? 5Cmm2/s SAE J1704 Standard
DOT 4 Swne 5 KV @ -40 °C ISO 4925, Class 4
KV @ -40 °C = 1,800 mm?/s 5
=15,00 0 mm#/s
Colorless to amber
7<pH=115
ERPB z 250 °C
DOT 4+ or Wet ERBP = 165 °C
SUPER DOT KV@100°C=z=15 mm¥s SAE J1704

{not regulated ISO 4925, Class 6

in FMVSS 116)

KV @ -40 °C = 750 mm¥s
Colorless to amber
72pH=15

ERPR z 260 °C

Wet ERBP = 180 °C

KV @ 100 °C = 1.5 mmifs
KV @ -40 °C =900 mm?/s
Colorless to amber
72pH=115

Low-Viscosity

DOT 5.1 ISO 4925, Class 5-1

Min. 70% wiw diorgano polysiloxane
ERPB = 260 °C

no wet ERBP

KV @ 100 °C = 1.5 mms

KV @ -40 °C =900 mm¥s

Purple

No pH requirement

DOT 5 SBBF SAE J1705

The compatibility tests are almost identical across all DOT classes. Of course, because silicone fluid
does not mix with water, tests for DOT 5 SBBF sometimes have different requirements. When
testing to DOT 3, 4, or 5.1 specifications, the technician must mix water into the fluid. For DOT 5

SBBF, the technician must instead humidify the fluid. In some cases, such as for chemical stability



and pH, there is no requirement for silicon-based fluids. Table 2 shows the tests and requirements

for component compatibility in FMVSS 116.

Table 2. Component compatibility test requirements [1].

Test Property FMVSS 116 Requirement Summary
High-
N ERBP shall not change by more than 3 °C + 0.5 °C for each
temperature ERBP after 2 h at 185 °C degros that ERBP ex%eegs b
stability
Chemical EREEwhenmiedwione | o 00 eais e e e S RED ConeReh
stability RM-66-04 compatibility fluid (exgcept SBBF)
" Maximum weight change:
2 0.2 mg/cm? for steel, tinned iron, and cast iron
® 0.1 mg/cm? for aluminum
® 0.4 mg/cm? for brass and copper
- g Change in properties for No pitting or etching visible without magnification
.% metal strips and SBR cup No crystalline deposits adhering to strips or glass jar
o immersed in water-wet brake v 2 : :
= S . No disintegration (blisters or sloughing)
nd o
8 % % :lu'(fll g&)iglass jarat 100 °C Hardness shall not decrease by more than 15 IRHD
Qn Base diameter shall not increase by more than 1.4 mm
- Nojelingat23+5°C
© S Sedimentation = 0.10 %v/v at end of test
o+ 7.0 = pH = 11.5 (except for SBBF) at end of test
Air bubbles rise to the top of fluid when inverted in:
l-eor:’lv-erature Change in properties with ;8 z ::E 'gg Zg
L cooling to -40 °C for 144 h or - b : . : L
fluidity and 50for 6 h No visual evidence of sludging, sedimentation, crystallization,
appearance or stratification

Upon warming, no change to appearance or fluidity

Water tolerance

Appearance and
sedimentation when mixed
with 3.5 % v/v water (SBBF is
humidified) and cooled to

-40 °C for 120 h

No visual evidence of sludging, sedimentation, crystallization,
or stratification
Air bubbles rise to the top of fluid when inverted in 10 s
If cloudy at low temperature:
fluid regains clarity at room temperature or 60 °C
fluid shows no stratification at 60 °C
After cooling, then heating to 60 °C for 24 h:
Sedimentation = 0.15 %viv

Appearance and
sedimentation when mixed

No visual evidence of:
sludging, sedimentation, or crystallization
stratification (except SBBF)

gampatiblity il S0 R e 04 After cooling, then heating to 60 °C for 24 h:
compatibility fluid and cooled : : el
to -A0 °C for 120 h No \{lsual e\_/ldence of stratification (except SBBF)
Sedimentation = 0.05 %viv
o) ] 3 Maximum weight change:
15 £ Change in ;\QTCS]CEFR%J{ 0.3 mg/cm? for cast iron
® % properties b then 70 °C 0.05 mg/em? for aluminum
E o when for 168 h No pitting or etching visible without magnification
o = exposed to L No more than a trace of gum on metal strips
] brake fluid
9 activated No disintegration (stickiness, blisters or sloughing)
= & with 0.2% One sample Hardness shall not decrease by more than:
7 © benzoyl each at 70 °C 10 IRHD for 70 °C
'@ % peroxide and | and 120 °C 15 IRHD for 120 °C
(14 (2] water for 70 h No increase in hardness
0.15 mm = Increase in base diameter 1.4 mm

There are a few subtle differences between DOT and SAE limits for the stability and compatibility

tests, so a fluid meeting the specifications for one classification may not necessarily meet the




specifications for the comparable classification. Therefore, the actual test result is critical for
understanding if a fluid meets both specifications. While the tests are nearly identical, SAE
specifications call out test methods according to ASTM or DIN designations, and the FMVSS
describes the test procedures and refers to SAE or ASTM standards only for materials, equipment,

or calibration procedures.

The most significant difference between the SAE and FMVSS specifications is in testing for damage
to mechanical equipment from repeated motion. The FMVSS uses a simulated brake system with
referee standard braking cylinders. In contrast, the SAE specifications use an SRV tribometer, which

measures friction and wear under oscillating motion.

Brake Fluid Specification Compliance

In the US, manufacturers and packagers must self-certify that their brake fluids meet FMVSS-116
specifications. Manufacturers must conduct adequate testing to ensure compliance with DOT
classification and provide certification to packagers, who
must, in turn, ensure the fluid remains uncontaminated _‘“\“\\ﬁ,‘,‘m?ﬂmz
and complies with labeling requirements [5]. Both ISO and
SAE classifications follow a similar self-certification

process [6]. The National Highway Traffic Safety

Administration (NHTSA) enforces these standards by y
randomly testing products. If a sample fails the FMVSS- A’A\

116 test procedure, manufacturers may be requested to recall the product, and legal action can

ensue if they do not comply. Consumers can also report non-compliant products to the NHTSA for

investigation [5].

Savant Labs offers brake fluid testing to the specifications of SAE J1703, SAE J1704, and FMVSS-

116, providing manufacturers with confidence in their product certifications and offering spot checks

for packagers. Testing is crucial as some fluids may fail to meet the required standards due to
manufacturing variability or contamination. Savant Labs ensures all processes are correctly followed,
and equipment is functioning properly during testing. Companies must closely monitor their brake

fluids to maintain compliance and avoid costly recalls.

A complete list of brake fluid testing provided by Savant Labs is available. Contact Savant Labs to

request a quote.

[1]1 FMVSS 49 CFR 571.116 (10/1/2023) https://www.govinfo.gov/app/details/ CFR-2023-title49-vol6/CFR-2023-title49-vol6-
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sec5 71-16. Accessed, May 5, 2024.

[2] SAE J1703™ MAR2024 Motor Vehicle Brake Fluid.

[3] SAE J1704 ™ MAR2024 Motor Vehicle Brake Fluid Based Upon Glycols, Glycol Ethers, and the Corresponding Borates.
[4] Remmen Brakes. (2019, January 22). Brake Fluid: What you Need to Know [Part 2] — Standards. Accessed May 5, 2024.
https://www.remmenbrakes.com/brake-fluid-standards/

[5] Office of Vehicle Safety Compliance, NHTSA, OVSC Mission, March 18,

2013. https://www.nhtsa.gov/sites/nhtsa.gov/files/ovsc _mission.pdf. Accessed May 5, 2024.

[6] J. Light, SAE International, personal communication December 18, 2023

Savant Group Sister Company Update:
Institute of Materials Offers In-depth Engine Oil Data

The Institute of Materials (IOM) stands as a great resource for anyone seeking in-depth knowledge

and data on engine oils collected from the marketplace. Their databases cater to a wide array of

needs, from historical insights to contemporary advancements in engine oils.

IOM recently introduced the Classic Archive, an unparalleled collection encompassing test data
records for over 19,000 engine oil brands from the 1990s to 2020. This extensive archive allows
users to travel back in time and access detailed information categorized by brand name, supplier,
SAE grade, service class, country, and region. Whether you're conducting research or making

business decisions, the Classic Archive equips you with the historical context needed to excel.

Classic Archive - 1990s to 2020

For those focused on the future, IOM's Modern Series database with engine oil brands collected
directly from the marketplace between 2021 to 2024 is your definitive source for the latest
innovations. This repository ensures you stay ahead of industry trends and advancements. A catalog

of available oils is now available.

Modern Series - 2021 to Current
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By offering comprehensive data on both historical and modern engine oils, IOM empowers you to
elevate your research, make informed decisions, and maintain a competitive edge. Unlock a wealth
of knowledge and explore the Classic Archive and Modern Series catalog today, and step into a

world where data drives excellence.

Upcoming Events - Join Us

NLGI Annual Meeting h‘_
cdl = MOBILITY

We are attending the NLGI Annual Meeting in San Antonio, Texas, m AND
June 10-13th. If you plan on attending, be sure to reach out to i‘a_ GREASE

Gordon Cox to discuss grease testing opportunities at Savant Labs. A CONTINUING PARTNERSHIP

See you there!

ASTM D02 Meeting Hospitality Event
Are you attending the ASTM D02 June Meeting in Austin, Texas? We're

excited to announce that we are again sponsoring the Hospitality Event for
ASTM members!

JUNE 18TH
JW MARRIOTT AUSTIN

ASTM MEETING ATTENDEES

Join us in the GRIFFIN BALLROOM at the JW Marriott on Tuesday,

June 18th, from 6 to 8 pm, for an evening of networking, fun, and fantastic

ENTER TO WIN AN APPLE MACBOOK M3

giveaways. F=s
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