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Abstract - The mono brake system with variable brake 

force distribution is a mechanism used in two wheelers 

that activates the front and rear brakes at the same time 

by using one brake lever. Motive is to reduce the threat of 

accidents due to misuse of the front brake when braking. 

As there are a wide range of BFD ratios in the front and 

rear wheel, the mono brake system Variable brake force 

distribution (MBSVBD) can be achieved using riding 

comfort and high braking effort Same time, provided that 

the BFD ratio is Appropriately designed. This paper is 

aimed to develop the design method for (MBSVBD) and 

performance of load sensing BFD in a two wheeler. 
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1. Introduction 

Mono brake system with variable brake force distribution 

in two wheeler is a mechanism that activates the front and rear 

brake at the same time by using a single brake lever. The 

driver just has to operate a single brake lever to activate 

braking at the both wheels to decelerate or try to get the 

vehicle to a halt. In conventional braking system there are two 

brake levers which enhance individual braking at each wheel. 

Excessive use of the front brake is very risky as it can lead to 

rollover accidents as the rider will lose control over the 

vehicle in case of heavy braking at the front wheel. MBSVBD 

in two wheeler is the mechanism that overcomes the risk of 

accidents as it distributes the braking force at both wheels 

hence, preventing excessive braking in the front wheel. Thus 

MBSVBD improves the safety aspect of the vehicle along 

with enhancing hassle free riding experience and increasing 

right comfort. 

2. Methodology 

Influence of Dynamic Weight Transfer 

In a bike which is in standstill state the distribution of 

total weight will be fixed in contact patch of front wheel and 

rear wheel. 

 

Figure 1: Motorcycle Side-view model 

Taking moment at front wheel and rear wheel 

Which is Wf and Wr 

∑M = 0 

=W (a + b) – gam 

∑M = 0 

=gbm − W (a + b)  

Thus, 

Wf =
mg ×b

(a+b)
=

W ×b

x
 ----- (i) 

Wr =
mg ×a

(a+b)
=

a×W

x
---- (ii) 

Where,  

W = Weight of the whole system  

a = distance of front wheel from the center of gravity 

x = Wheelbase of the motorcycle  

b = distance of rear wheel from the center of gravity 

m = Mass of the system  

Wf = Static load at front wheel 

Wr = Static load at rear wheel 

The load at front wheel and rear wheel can be calculated 

by placing a weighing scale at front wheel and rear wheel, and 
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the location of center of gravity can be calculated using 

following equations; 

a =
Wr

W
× x 

b =
Wf

W
× x 

When a motorcycle stops or we can say decelerates, the 

load at front wheel and at rear wheel will change. 

At the state of deceleration, the dynamic weight transfer 

can be calculated using reference to the diagram shown in 

Figure 2. 

 

Figure 2: Free body diagram of motorcycle 

In the figure h is the height from ground to center of 

gravity of the bike, the forces Ff and Fr are deceleration forces, 

if the bike decelerates at the steady state with the deceleration 

force which is denoted by d, using the Newton’s law we can 

derive following equations;  

∑𝐹× = mdx = Ff + Fr 

∑F = 0  

W’f + W’r– mg = 0 

    ⟹W’r = mg – W’f 

Where,  

W’f  =load on the front wheel (Dynamic) 

W’r = load on the rear wheel (Dynamic) 

∑MCG = 0  

h (Ff + Fr) + Wr (b) – Wr (a) = 0 

 = maxh + Wr (b) – Wf (a) 

Following equations can be used to calculate the 

instantaneous load on each wheel while braking. 

Wf
′ =

mgb

x
+

mdx h

x
-----(iii) 

Wf
′ =

mga

x
+

mdx h

x
-----(iv) 

The static load on the wheel can be shown by first term 

of the equation and weight transfer (dynamic) can be defined 

by second term of the equation, the equations (iii) and (iv) can 

be written as;   

W’f = Wf + Wd 

W’r = Wr – Wd 

At the time of deceleration the dynamic weight transfer 

can be presented as;  

Wd =
m × h × dx

x
 

3. Distribution of Braking Force 

In a normal BFD both the front and rear wheels get 

locked at the same time as maximum braking occurs when the 

both tires do the maximum work related to braking. The 

maximum braking force at each tire is in direct proportion to 

the load, as long as the same coefficient of friction is present 

at both contact surfaces of the wheel. To achieve maximum 

braking performance the BFD between the two wheels should 

be proportional to the instant will loads while breaking. To 

achieve maximum braking performance the proportion of 

braking must be properly distributed among the front wheel 

and rear wheel. The maximum braking force is required at the 

front wheel because the front wheel has more traction than the 

rear wheel while braking. If the load at the rear end of the 

motorcycle is more, then the braking force at the rear wheel 

will be increased and at the front wheel it will be slightly 

decreased to decrease the stopping distance. 

4. Mathematical Modeling 

For calculating the breaking efficiency and performance 

of a bike, 2018 RV 213 V this bike is used for mathematical 

modeling, here is the calculations of brake force distribution 

of the bike. 

 Weight of bike (Wm) = 147 kg. 

 Weight of rider (Wr) = 60kg.f 

 Total weight of the system (W) = 227 kg. (Wm + Wr )  

 Front weight bias (Wf ⁄W)= 0.6  

 Wheelbase (x) = 1435 mm 

 CG height (h) = 610 mm  

 Maximum coefficient of friction at tire-road surface in 

dry road condition (μp) = 0.80 
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5. Calculations 

Static Weight Distribution: 

In the absence of acceleration, a motorcycle's weight 

distribution remains constant, and as a result, both wheel 

support a fixed value of the total weight. 

Weight on the front wheel = Total Weight×front bias weight 

Wr = W ×
Wr

W
 

∴ W = 207kg× 9.81× 0.6 = 1218.402 N 

Similarly,  

Weight on the rear wheel = system Weight × Rear bias weight 

Wr = W ×  1 −
wf

w
  

∴ W = 207 kg × 9.81 × (1 − 0.6) = 812.268 N 

The location of center of gravity can be calculated using 

following equations; 

   c =
wr

w
× x 

c =
812.286N

207 × 9.81
× 1435 = 574 mm 

And, 

d =
Wf

W
× x 

d =
1336.122 N

227 × 9.81
× 1435 = 861 mm 

Dynamic Impact on the Motorcycle: 

At the state of deceleration, the forces acted on front 

wheel and rear wheel will change, the amount of weight 

transfer depends upon the design and geometry of the bike. 

We know, 

         Wd =
m × h × dx

x
 

The maximum COF (coefficient of friction)at the tire and 

road contact surface provides the deceleration for a bike. 

dx
max = μp × g 

For the motorcycle-rider maximum attainable deceleration is; 

dx
max = 0.8 × 9.81 = 7.357 m/s2 

Hence, all calculations will be performed for the 

deceleration value of 7.357 m/s
2
 at the dry road with 

maximum COF 0.75 

The amount of weight transfer can be calculated by 

following equation, when declaration rate is about 7.357 m/s
2
 

Wd =
207 × 7.357 × 610

1435
= 647.364 N 

During braking the load at the front wheel will be 

increased, the transferred load is added to the front wheel 

static load and reduced from the rear wheel static load. 

Wf
’
 = Wf + Wd 

∴Wf
’
 = 1218.402 N + 647.364 N = 1865.766 N 

Similarly,  

Wr
’
 = Wr – Wd 

∴Wr
’
 = 812.268N − 647.364  N = 164.904 N 

Influence of Dynamic Weight Transfer: 

The maximum braking force that a tire can produce under 

static conditions is defined by the following relationship. 

𝐹𝑏𝑓
𝑚𝑎𝑥 = μpWr 

∴𝐹𝑓
𝑚𝑎𝑥  = 0.8 × 1218.402N = 974.7216 N 

And, 

𝐹𝑏𝑟
𝑚𝑎𝑥 = μpWr 

∴𝐹𝑟
𝑚𝑎𝑥  = 0.8 × 812.268N = 649.8144 N 

As the maximum braking force that a tire can generate is 

modified as a result of dynamic weight transfer during 

deceleration given as follows: 

𝐹 𝑏𝑓
𝑚𝑎𝑥 = μpWf

’ 

∴𝐹𝑟
𝑚𝑎𝑥  = 0.8 × 1865.766N = 1492.6128N 

And, 

𝐹 𝑏𝑓
𝑚𝑎𝑥 = μpWf

’ 

∴𝐹𝑟
𝑚𝑎𝑥  = 0.8 × 164.904N = 131.9232 N 

Braking at Front Wheel: 

Maximum braking force a front brake can produce is 

same as load on the wheel multiplied by the maximum COF 

available at the tire and road contact surface, if the braking is 

only done at front wheel. 
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𝑑𝑓
𝑚𝑎𝑥 = 𝑔

𝜇𝑝  
𝑔

𝑥
 

1 − 𝜇𝑝  
𝑕

𝑥
 

 

𝑑𝑓
𝑚𝑎𝑥 = 9.81 ×

0.8  
861

1435
 

1 − 0.8  
610

1435
 

= 7.076 𝑚/𝑠2  

In this scenario, by using the following equation we can 

calculate the maximum braking force: 

𝐹𝑓
𝑚𝑎𝑥 =

𝜇𝑝  𝑊𝑓 +
𝑕

𝑥
𝐹𝑟 

1 − 𝜇𝑝  
𝑕

𝑥
 

 

Putting Ff = 0 in the equation above, we get: 

𝐹𝑓
𝑚𝑎𝑥 =

0.8 ×  1336.122 +
600

1435
× 0 

1 − 0.8  
600

1435
 

= 1606.145 𝑁 

Braking at Rear Wheels: 

Maximum braking force a front brake can produce is 

same as load on the wheel multiplied by the maximum COF 

available at the tire and road contact surface, if the braking is 

only done at front wheel.  

𝑑𝑓
𝑚𝑎𝑥 = 𝑔

𝜇𝑝  
𝑎

𝑥
 

1 + 𝜇𝑝  
𝑕

𝑥
 

 

𝑑𝑓
𝑚𝑎𝑥 = 9.81 ×

0.8  
574

1435
 

1 + 0.8  
610

1435
 

= 2.352 𝑚/𝑠2  

In this scenario, by using the following equation we can 

calculate the maximum braking force: 

𝐹𝑓
𝑚𝑎𝑥 =

𝜇𝑝  𝑊𝑟 +
𝑕

𝑥
𝐹𝑟 

1 + 𝜇𝑝  
𝑕

𝑥
 

 

Putting Ff = 0 in the equation above, we get: 

𝐹𝑓
𝑚𝑎𝑥 =

0.8 ×  1336.122 −
610

1435
× 0 

1 + 0.8  
610

1435
 

= 533.956 𝑁 

6. Conclusion 

Mono brake system with variable brake force distribution 

along with the load sensing BFD between the front and rear 

wheels of a two wheeler is a mechanism that improves the 

braking performance in a two wheeler hence improving safety 

aspects of the vehicle. The MBSVBD Also reduces the 

stopping distance compared to conventional braking system 

along with enhancing Hassle free braking to eliminate the 

reliance on rigid constraints and rider judgment. The 

motorcycle load sensing brake force distribution system must 

adjust the front BFD factor to match the vehicle's front weight 

bias during Braking, thus making motorcycles more efficient. 
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