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Abstract—Demand of electrical energy without interruption 

has increased nowadays. To meet the requirement, the 

reliability of each individual component should also be high. 

Air circuit breaker (ACB) is an automatically operated 

electrical switch, which is mainly used for low voltage 

power distribution. For easy maintenance and inspection, 

draw-out types ACB is used. Rack-in mechanism is used to 

connect and disconnect the breaker within a cradle by 

applying torque manually using rack-in handle. Typical 

rack-in mechanisms often require a high force to rack-in and 

rack-out of the circuit breaker, and the amount of force re-

quired increases as the number of electrical contacts to be 

engaged increases. As the num-ber of contacts is increased, 

the force applied to actuate a typical rack-in mechanism may 

exceed ergonomic limitations. Lesser torque is desirable in 

manual rack-in operation to reduce human fatigue. Three 

rack-in mechanisms have been thought and direct translation 

type rack-in mechanism has been found optimum as per grid 

analysis comparing other rack-in mechanism. A prototype of 

selected rack-in mechanism was fabricated as per the CAD 

model to validate the results. 
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I. INTRODUCTION 

The modern power system deals with huge power network 

and higher associated electrical equipment. During short 

circuit, overload or other cases of electrical faulty 

conduction, equipment as well as the power network suffers 

a high stress that may damage the equipment and networks 

permanently. The fault current should be cleared from the 

system as quickly as possible. Again, after the fault is 

cleared the system must come to its typical working 

condition at the earliest opportunity for supplying reliable 

quality power to the receiving end. In addition to that for 

proper controlling of power system, different switching 

operations are required to be performed. So for timely 

disconnecting and reconnecting different parts of the power 

network for protection and control is needed. Thus, a special 

kind of switching devices is required, which can operate 

securely under higher current carrying condition. 

Accordingly ACB is used. 

 For easy maintenance and inspection, draw out 

type ACBs are used. In which, Cradle is fixed on a panel 

with other active power circuitry and Rack-in mechanism is 

used to connect, test and disconnect the breaker with cradle 

by applying torque manually using rack-in handle. Lesser 

torque is desirable in manual operation to reduce fatigue. 

 Three alternate concepts within constrained space 

of the cradle with torque reduction where design. Which 

have been modelled using CAD tools and validating through 

prototyping with analytical calculation 

A.  ACB (Air Circuit Breaker): 

ACB is a mechanical switching device, capable of making, 

carrying and breaking currents under normal circuit 

conditions using air as arc quenching medium. It is also 

capable of making and carrying currents for a specified time 

and breaking currents under specified abnormal circuit 

conditions, such as those of a short circuit or overload.  

 Circuit breaker [1] has different models as per the 

current capacity, from 400 to 6000 Voltage and also fixed 

and draw-out type ACB.   

B.  Construction of Cradle: 

Following are the main parts of the cradle which are shown 

in Figure 1 

 

 
Fig. 1: CAD model of cradle and ACB [1] 

1) Base plate: It is used to support the cradle side plates, 

rack in arrangement, cradle fascia, and the accessories. 

2) Side plate: It is used to support the cradle shaft, top and 

bottom cross piece, secondary isolating contact bridge, 

arc shield and mechanical interlock. It also supports 

and guides the rails. 

3) Cradle rails: It slides on side plates. It consists of drop 

plate assembly and latch in an isolated position. It also 

guides the housing of the breaker. It is right handed 

and left handed. 

4) Cradle shaft assembly: It consists of cams and pinion 

welded to the shaft. It is used to rack in and out the 

breaker. It operates the drop plate and converts the 

rotary motion of the shaft into linear motion of the rail.  

5) Rack-in handle: It engages with rack-in screw and used 

to rack in and rack out the breaker.  

6) Rack-in screw: It consists of head at one end, which 

forms male part for rack-in and it engages with female 
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part in rack-in handle. It rotates on fix support and 

consists of threads to engage with internal threads of 

the rack. 

7) Rack: When the screw is rotated, its rotary motion is 

converted into translational motion of the rack. It 

consists of a number of slots to form rack and engages 

with the pinion of cradle shaft.  

8) Jaws: They are fitted on the cradle terminal by 

compressing springs. The breaker terminal adapter is 

inserted in jaw to carry current. The load value of 

spring and profile of jaw finger and breaker adapter is 

important for rack-in operation.  

C. Working of Rack-In Mechanism: 

During rack-in operation, rack-in handle is engaged with 

screw head and rotated clockwise. The rotary motion of the 

screw is converted into linear motion of the rack. As pinion 

on cradle shaft is engaged with rack, cradle shaft gets 

rotated. There are cams at both ends of cradle shaft which 

engages with the pin of drop plate. Drop plates are mounted 

on cradle rail. Hence rotary motion of screw converted into 

linear motion of rails. As breaker is mounted on rails, the 

breaker is pushed forward against the force of jaw springs. 

The breaker terminal adapter is moved inside jaws. At the 

end of required travel, service latch gets engaged and 

preventing over rack-in of the breaker. 

II. CONCEPTS OF RACK-IN MECHANISM  

Alternate rack-in mechanism design concepts are as follows  

A. Concept-1: Rack-in Mechanism with Gears and Rack 

The rack and gears arrangement as shown in Figure 2. In a 

rack-in mechanism the perpendicular distance between shaft 

and rail is one of the important control parameters, reducing 

this length will reduce torque requirements as per the 

analytical calculation. Available distance between rail and 

center of cradle shaft is 78 mm. With rack and gear 

arrangement the perpendicular distance reduces from 

38.2mm to 18 mm by using idle spur gear. 

 
Fig. 2: CAD Model of Concept-1: Rack-in Mechanism with 

Gears and Rack 

 During rack-in operation, rack-in handle is engaged 

with screw head and rotated clockwise. Rotary motion of the 

screw is converted into linear motion of the rack. As pinion 

on cradle shaft is engaged with rack, cradle shaft gets 

rotated. Which rotated profile gears welded at both ends of 

cradle shaft, engaging with the idle Gear, used to reduce the 

effective perpendicular distance between cradle shaft and 

rail. The toothed rack is mounted on rails. The rail is actuate 

by idle gear to slide on side plate. Hence rotary motion of 

screw converted into linear motion of rails. As breaker is 

mounted on rails, the breaker is pushed forward against the 

force of jaw springs. At the end of required travel, service 

latch gets engaged and preventing over rack-in of the 

breaker. The dimension for the spur gears and rack is 

tabulated in Table 1 

 
Symbol 

Profile 

Spur Gear 

Idle 

Spur 

Gear 

Rack 

Module M 2.5 

Pressure 

Angle 
α 20 

Number of 

Teeth 
z 14 19 25 

Height of 

Pitch Line 
H - 12.5 

Centre 

Distance 
ax 41.25 12.5 

Pitch 

Diameter 
d 35 47.5 - 

Base 

Diameter 
db 32.88 44.63 - 

Addendum ha 2 2 2.5 

Dedendum M 2.5 2.5 
 

Whole Depth 1.8m 4.5  4.9 

Tooth 

Thickness 
b 6 6 15 

Table 1: Dimensions of Spur Gears (stub) and a Rack [2] 

 Using analytical calculation torque requirement for 

rack-in operation achieved is tabulated in Table 2. Proper 

material for gear should select for required breaker life.  

Frame Units F14 F24 F34 

Required Torque  

on Racking Screw 

N-m 7.83 10.25 18.03 

Kg-cm 79.80 104.44 183.81 

Table 2: Percentage torque reduction in concept-1 

B. Concept 2: Direct Translation Type Rack-in 

Mechanism: 

Simplifying the existing mechanism by replacing the rack 

and pinion of the cradle shaft with U-block, which eliminate 

both the pinion. The direct translation type rack-in 

mechanism is shown in Figure 3. Where the rotation motion 

of cradle shaft is replaced with linear motion of shaft guided 

by cams. 

 
Fig. 3: CAD Model of Concept-2: Direct Translation Type 

Rack-in Mechanism 

 During rack-in operation, rack-in handle is engaged 

with screw head and rotated clockwise. Rotary motion of 

Acme screw is converted into linear motion of the U - block. 

Cradle shaft is placed in a U section of the block. At the end 

of the cradle shaft, cam profile is welded which control the 

rail movement. Cradle shaft is guided by fix profile cams for 

required motion (horizontal + vertical). Where vertical 

motion is used to engage and disengage with drop pin. Here 

the translation motion is directly able to move the rails.  
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Using analytical calculation torque requirement for rack-in 

operation achieved is tabulated in Table 2.  

Frame Units F14 F24 F34 

Required Torque on 

Racking Screw  

with new concept 

N-m 6.48 8.48 16.96 

Kg-cm 66.0 86.47 172.8 

Table 3: Percentage torque reduction in concept-2 

C. Concept-2: Rail with Toothed Profile Drop Plate Type 

Racking Mechanism 

Cost reduction is possible using similarly component. 

Replacing cams with pinions as shown in Figure 4. The 

perpendicular distance between shaft and rail pin is reduced. 

Hence, the reduction in required torque is achieved. 

 
Fig. 4: CAD Model for Rack-in Mechanism with Rack Type 

Drop Pin 

 During rack-in operation, rack-in handle is engaged 

with screw head and rotated clockwise. Rotary motion of the 

screw is converted into linear motion of the rack. As pinion 

on cradle shaft is engaged with rack, cradle shaft gets 

rotated. There is a gear type pinion at both ends of cradle 

shaft which engages with tooth’s profile drop plate. Drop 

plates are mounted on cradle rail. Hence rotary motion of 

screw converted into linear motion of rails. As breaker is 

mounted on rails, the breaker is pushed forward against the 

force of jaw springs. The breaker terminal adapter is moved 

inside jaws. At the end of required travel, service latch gets 

engaged and preventing over rack-in of the breaker. 

 Using analytical calculation torque requirement for 

rack-in operation achieved is tabulated in Table 3.  

Frame units F14 F24 F34 

Required Torque on 

Racking Screw with 

modified concept 

N-m 7.05 9.36 21.92 

kg-cm 71.91 95.37 223.48 

Table 4: Percentage torque reduction in concept-3 

III. CONCEPT SELECTION AND PROTOTYPING  

Grid analysis [2] is well known decision making technique. 

Which is useful, when you have many different factors to 

take into account and a number of alternatives to choose 

from.  

 It’s a technique in which all the concepts are listed 

in rows of a table, and the factors are considered in columns. 

Then score each concept and factor combination. As per the 

importance of factors, weight this score. Finally by adding 

those scores for every concept, select the highest rank 

concept/option. Step for forming the grid analysis Table 5 is 

as following:-  

 List all the concepts in row of the table, and list the 

selection criteria / factors in the columns. 

 As per the relative importance of the selection 

criteria, assign weights from 0 to 10, where 0 means 

that the factor is absolutely unimportant in the final 

decision, and 10 means it is very important. As 

shown in Table 5 

 Assess the concept for fulfillment of selection criteria 

and assign the values from 0 (poor) to 5 (very good) 

for the level of fulfillment for each of the criteria.  

 Get the weighted score for each of the concept as 

follows.  

Weighted score for concepts R i = ∑ j=1 4 R i C j  

where, C j = Selection criteria form 1 to 4. 

 Assign the highest rank for highest weighted score. 

 The concept with the highest weighted score is 

selected as it will fulfill all the criteria in highest 

order. 

 The details of grid analysis are shown in Table 5. 

From the analysis concept-2 has been selected as the 

weighted score is highest among all the three 

concepts. 

Evaluation 

criteria 

Torque reduction  

( C1 ) 

Design Ease and 

Time( C2 ) 

Manufacturing Process 

and cost ( C3 ) 

Change required 

in breaker ( C4 ) 
Total 

score 
Rank 

Weights 10 9 6 6 

Concept 1 ( R1 ) 4 2 1 1 70 3 

Concept 2 ( R2 ) 4 4 3 3 112 1 

Concept 3 ( R3 ) 2 4 5 3 104 2 

Table 5 Grid analysis for concept selection 

A. Fabrication of direct translation type rack-in 

mechanism 

Concept-2 is as direct translation type rack-in mechanism. 

CAD model was prepared as per the design specification, 

and bottom plate with rack-in assembly of direct translation 

type rack-in mechanism is shown in Figure 5. 

 Prototype of the direct translation type rack-in 

mechanism was developed and assembled in cradle as 

shown in Figure 6. 

 
Fig. 5: CAD Model of bottom plate of Direct Translation 

type Rack-in Mechanism. 
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Fig. 6: Prototype of the Direct Translation Type Rack-in 

Mechanism 

B. Testing and Observation  

A prototype of direct translation type racking mechanism 

(concept-2) has been developed and assembled in the cradle 

of the air circuit breaker. Testing was carried out to check 

the rack-in torque for the same. Observation of 50 rack-in 

operation using digital torque wrench [3] was used for 

measuring rack-in torque and has been tabulated in Table 6. 

Operations in 

batches 

1 - 

10 

10 

– 

20 

20 

– 

30 

30 

– 

40 

40 

- 

50 

Average 

Average rack-

in torque for 

each batches 

(N-m) 

10.2 9.7 9.9 9.5 9.6 9.78 

Table 6: Observation of Rack-in Operations 

 Total average rack-in torque measured using digital 

torque wrench is 9.78 N-m which is within ergo-nomic 

limitations.   

IV. DISCUSSION AND CONCLUSION   

For easy maintenance and inspection, draw-out types ACB 

is used. Rack-in mechanism is used to connect and 

disconnect the breaker within a cradle by applying torque 

manually using rack-in handle. Lesser torque is desirable in 

manual rack-in operation to reduce human fatigue. 

 Three rack-in mechanisms have been thought with 

their CAD model created in Creo 1.0. 

 Direct translation type rack-in mechanism has been 

found optimum as per grid analysis comparing 

other rack-in mechanism.  

 A prototype of selected rack-in mechanism was 

fabricated as per the CAD model to validate its 

working. 
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