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Review of Global Mining Machine Braking Standards and 
Development of the CSA M424.3 Braking Standard.
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Brakes in U/G Mining Vehicles
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Detailed Cross Section

➢ Perform 3 Brake functions Service Braking, Emergency / Secondary braking and 

Park Brake.  Spring Applied Hydraulic Brakes. Fail safe Brakes.

➢ Test methods for Service brakes and Secondary brakes are different.

Mining axle Wheel Hub
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Test ramp site with 20% Grade in SUDBURY  compliant to CSA grade requirement

Courtesy of Equipment North
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Mining Ramp with LHD lightsMining Ramp without lights

Mining Ramp could be upto 14~15% grade, 

this ramp is 7~8%
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Why are we doing this Study
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Mitigating risk involve 

in testing at 20% 

grade

Cost saving

Maintaining Test 

Ramps 

Reduce Dependence on 

the Special test Ramps. 

Propose developing an equivalent method by testing on flat ground 0% Grade.

To Align with Global 

International standards 

for U/G Braking. 

This Canmet MINING work is sponsored under a R&D Grant by CSA 



UNCLASSIFIED - NON CLASSIFIÉ

Scope of this study

➢ Environmental scan of Canadian and Global Braking Standard and 
Regulations.

➢ Develop calculations and brake performance models for alternative 
brake testing on flat ground 0% grade. 

➢ Devise a test plan to validate the models to ensure machines brakes 
performance tested with new approach at 0% grade is effective as 20% 
grade.

➢ Build confidence on flat ground testing by ensuring the stability of 
machine during braking on downhill 20% grade and flat ground. 

➢ Evaluate the results of CSA brake evaluation for100 U/G Mining 
Machines. 

6
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CAN/CSA 
M424.3:22

• Braking 
Performance -
Rubber-Tired, 
Self-Propelled 
Underground 
Mining Machines.

• Applicable in 
Canadian
Jurisdiction

MSHA 
Guidelines

• Mining and 
earthmoving 
machinery —
Mobile machines 
working —
Machine Safety.

• Applicable in USA

• 30 CFR 56.14101 
and 57.14101 / 30 
CFR 77.1605(b) 

ISO 3450:2011 
– Annex A

• Brakes for 
purpose-built 
underground 
mining machines

• Used GLOBALY 
for construction 
equipment but 
Annexure A is 
stipulating 
requirements for 
U/G Mining 
machines.

SANS 1589-
1

• The braking 
performance of 
trackless 
underground 
mining 
machines — Load 
haul dumpers and 
dump trucks.

• Applicable in 
South African

MDG 39 - 
Mining Design 

Guideline 

• Handbook for 
Approval 
Assessment of 
Transport 
Braking Systems 
on Free-Steered 
Vehicles in 
Underground 
coal Mines.

• Australian 

ISO 19296:2018

• Mining — Mobile 
machines working 
underground —
Machine safety 
Section – 4.10 
Braking ~ Same 
requirement as 
ISO 3450:2011 
Annex A

U/G Mining standards reviewed
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Key Differences in Braking Standards
➢ ISO 3450, ISO 19296, MSHA and SABS 1589 standards consider response time for stopping distance formulas but 

other standards like MDG 39 and CSA M424.3-22 don’t.  

➢ ISO 3450, ISO 19296, MSHA and SABS 1589 standards have defined values of minimum deceleration rates.

➢ All except ISO 3450 and 19296 standards have different stopping distance formulas.

➢ ISO 3450, MSHA  and MDG 39 guidelines have different formulas for different weight class of machines for 
examples weight greater than 32000kgs and less than 32000kgs. But NO separate classification suggestion in ISO3450 Annex.

➢ Different Standards tests brakes on different grades. 

➢ CSA demands testing on 20% Grade.

➢ ISO 3450, ISO 19296, MDG39 , SABS1589 demands brake testing on flat ground. (0% grade)

➢ ISO 3450 for dump truck with weight greater than 32000kgs demands brake testing on flat ground. (9% grade)

➢ MDG 39 guidelines are unique in its approach has criterion of the brake performance test via stopping distance using the 
design grade factor and test grade factor in formula. 

➢ MSHA –Stopping distances are computed using a constant deceleration of 9.66 FPS2 / 2.94 m/s2 and system response times 
of .5.1, 1.5, 2, 2.25 and 2.5 seconds for each increasing weight category respectively. Stopping distance values include a one-
second operator response time.

8



UNCLASSIFIED - NON CLASSIFIÉ
9

38.1

17.4

41.6

14.8

23.3

13.0

0

20

40

60

80

100

120

0 4 8 12 16 20 24 28 32 36 40 44 48

S
to

p
p

in
g

 D
is

ta
n

ce
 (

m
)

Speed (Kmph)

Service Brake - Stopping Distance 

CSA M424.3-22 Service Brake @ 20% Grade

ISO3450 Service Brake @ 0% Grade

ISO3450 Service Brake Dump Truck  >32000 kgs @ 9% Grade

MDG 39 Amendment Service Brake with 20% Design grade and Test grade as 0%

ISO3450 Service Brake  Dump Truck <=32000kgs @ 0% grade

SABS 1589 Service Brake tested on 0% Grade

MSHA -Service Brake  Low range

MSHA -Service Brake  High range

32kmph

SABS >MDG39 >ISO3450>ISO 3450 less than 32000kgs > CSA M424.3>ISO 3450 Dump truck 9%
MSHA Low Range    MSHA High Range 

0% Grade

20% Grade

9% Grade

0 – 16300 kg Over 181400 kg

- Can compare 4 standards for brake performance 

testing but Cannot compare the performance of 

CSA standards as tested on 20% and rest of the 

standards on Flat ground for Mining machines.
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Secondary Brake - Stopping Distance 

CSA M424.3-22 Secondary

Brake @ 20% Grade

ISO3450 Secondary Brake @ 0%

Grade

ISO3450 Secondary Brake Dump

Truck  >32000 kgs @ 9% Grade

MDG 39 Amendment Secondary

Brake with 20% Design grade

and Test grade as 0%
 ISO 3450 Secondary Brake

Dump Truck <=32000 @ 0%

grade
SABS 1589 Secondary Brake

tested on 0% Grade

32kmph

SABS >ISO3450>ISO 3450 less than 32000kgs > CSA M424.3>ISO 3450 Dump truck 9%>MDG39

20% Grade

9% Grade

0% Grade

0% Grade



UNCLASSIFIED - NON CLASSIFIÉ

G 

Proposed universal formula (Grade Independent)

Stopping distance (TOTAL) = Stopping Distance Due 
to Deceleration +  Stopping Distance due to system and 
operator response time. 

➢ Considering the grade - the effective deceleration 
acting against the vehicle’s travelling on grade is given 
by:   Effective Deceleration rate = ɑ ± g * G , 
Depending upon direction of travel

11

➢ Using the above formula, deceleration rate for CSA testing on flat ground is calculated. 3.14m/s2

➢  Formulas been verified the formula to validate the stopping distances in ISO 3450, SABS 1589 for 

flat ground and ISO at 9% for dump trucks and CSA at 20% as well as 0% Grade.   

Stopping 

Distance Due to 

Deceleration
Stopping Distance 

due to system and 

operator response 

time.
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Service Brake - Stopping Distance 

CSA M424.3-22 Service Brake @ 20% Grade

ISO3450 Service Brake @ 0% Grade

ISO3450 Service Brake Dump Truck  >32000 kgs @ 9% Grade

MDG 39 Amendment Service Brake with 20% Design grade and Test

grade as 0%
ISO3450 Service Brake  Dump Truck <=32000kgs @ 0% grade

SABS 1589 Service Brake tested on 0% Grade

MSHA -Service Brake  Low range

MSHA -Service Brake  High range

 CSA M424.3-22 Service  Brake  @ 0% Grade

32kmph

SABS >MDG39 >ISO3450>ISO 3450 less than 32000kgs > CSA M424.3>ISO 3450 Dump truck 9%

20% Grade

9% Grade0 – 16333 kg Over 181488 kg
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➢ Using the equivalent deceleration calculated 

using the new formulas for CSA calculation. 

Now we can compare the various  braking 

Standards performance on flat ground i.e. 0% 

Grade.

 

0% Grade
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U/G Mining machine rear tire lift off the 

ground  during braking on 20% grade  - 

Potential error on flat ground. 

Machine Stability 
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Braking Stability Calculator 14
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U/G Mining Machines - Brakes performance
100 Underground Mining machines stopping distances compared against 
CSA standard allowable limits

First gear –Stopping distances (SD) is on avg. about 49% of the 
allowable CSA limit.

Second Gear – SD is on avg. about 37% of the allowable CSA limit

Third Gear – SD is on avg. about 28% of the allowable CSA limit.

Fourth Gear – SD is on avg. about 37 % of the allowable CSA limit. 
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Indicates the CSA standard limits are not STRICT - Todays Mining 

machines are stopping with in 28~49% of the required limits.

BOLTER // LHD // TRUCKS // PERSONNEL CARRIERS // JUMBOS 
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Future action plan
➢ Collaborations with Industry partners – Validating (testing, measuring, recording and 

dissection data for analysis) the braking performance using the proposed 
formulas on different types and classes of underground mining 
machines. 

➢ Testing and validating the calculator for stability checks and how it 
can be integrated to brake performance checks to give more 
confidence on testing on flat ground. 

➢ Plan is to re-open the CSA M424.3 Technical committee to review 
potential changes to Brake Standard.

➢ The finding will help us to improve the next version of the CSA 
M424.3 Braking standard.

17
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Thank You for your time!

18
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References

➢ Technical reference guidelines | NSW Resources Regulator

➢ Brakes - 30 CFR 56.14101 and 57.14101 / 30 CFR 77.1605(b) 
(msha.gov)

➢ eCFR :: 30 CFR Part 56 -- Safety and Health Standards—Surface 
Metal and Nonmetal Mines

➢ R.R.O. 1990, Reg. 854: MINES AND MINING PLANTS (ontario.ca)
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https://www.resourcesregulator.nsw.gov.au/safety/safety-resources/technical-reference-guidelines
https://arlweb.msha.gov/STATS/Top20Viols/tips/14101.htm
https://arlweb.msha.gov/STATS/Top20Viols/tips/14101.htm
https://www.ecfr.gov/current/title-30/chapter-I/subchapter-K/part-56
https://www.ecfr.gov/current/title-30/chapter-I/subchapter-K/part-56
https://www.ontario.ca/laws/regulation/900854


© His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2023


	Slide 1: Review of Global Mining Machine Braking Standards and Development of the CSA M424.3 Braking Standard.
	Slide 2: Brakes in U/G Mining Vehicles
	Slide 3
	Slide 4
	Slide 5: Why are we doing this Study
	Slide 6: Scope of this study
	Slide 7
	Slide 8: Key Differences in Braking Standards
	Slide 9
	Slide 10
	Slide 11: Proposed universal formula (Grade Independent)
	Slide 12
	Slide 13
	Slide 14: Braking Stability Calculator
	Slide 15
	Slide 16: U/G Mining Machines - Brakes performance
	Slide 17: Future action plan
	Slide 18
	Slide 19: References
	Slide 20: © His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2023 

