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Abstract. Through analysis of basic working principle of crane drum brake, change of friction factor
under the influence of relative siding speed, load and other factors is analyzed. Combined with the
static and dynamic braking torque experimental results, the Rigid body and rigid flexible coupling
model of drum brake virtual prototype are adopted to simulate its fictional behavior by ADAMS
dynamic analysis software, which satisfies the realistic condition of static and dynamic frictional
coefficients and lays afoundation for the study and design of drum brake.

Introduction

Asone of the most important safety equipment, the crane drum brake has the function of stopping
the hoisting and travelling mechanism and guaranteeing that the lifting load can be accurately
decelerated and braked. It is not only the control device of crane, but also the safety equipment to
protect the operation of crane. The performance of drum brake is determined by many factors, such as
the friction coefficient of frictioNmaterials, temperature, the smoothness of contact surfaces, the
vibration of brake during braking, the influence of complex environment etc. Though the researchers
spend alot of manpower and material resources on experimental research of drum brake, some of the
phenomenon is also difficult to reproduce.

With thefast development of CAE/CAM/CAD technology, the drum brake can be analyzed on the
base of these softwares. By the ADAMS dynamic simulation software, Ning X.B.[1][2] etc. have
devel oped the connectioNmodule of flexible friction lining, grid brake shoes and grid drum, built the
nonlinear grid-flexible couple smulatioNmode of mine truck drum brake, then calculated brake
efficiency factor. Li Z.H. etc. [3] have deduced uneven index calculation formula and analyzed its
characteristic by defining two uneven indexes of the pressure on friction plate, which is as the new
evaluation index to assess various types of drum brake, they have put forward that braking efficiency
can be significantly improved by dividing the braking shoes into two mutual interaction structure
types. The relation between friction lining sheet and drum belongs to typical frictional contact
problems, and through the finite element analysis method, the contact stress distribution can be
obtained, which is hard to measure by experiment. Mao Z.D. etc.[4] have established the finite
element model of drum brake by ANSY S, analyzed the contact stress between the friction lining sheet
and drum, obtained the contact stress distribution characteristics and the brake stressfield distribution,
the results show that the analysis is accuracy enough for the design in theoretical guidance. But all
above is about the car's brake, while the brake of craneisless researched.

In the paper, the type of crane drum brake discussed is Y WZ5-630/301, and the diameter of drum
is 630mm, the matched brake booster is Ed301/6, the rated braking torque is 6330Nm. According to
the rule of type test[5], the static braking torque is no less than the rated torque, and the static braking
torqueis 7200Nm in field test, which satisfies the requirement of type test rule, meanwhile, the mean
dynamic braking torqueisno lessthan 0.9 times the rated torque, so the dynamic torque is 5800Nmin
field test, which also satisfies the requirement of type test rule.
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The static braking torque ssmulation of crane drum brake

The static braking torque test is an important item in crane brake type test, it is to verify whether
the static braking torque is bigger than that of the rated brake. As to the operation of crane, only
sufficient large static braking torque about crane brake can prevent the weight from falling down
when the crane holds it from one place to the other. Thistest is carried on the device as Fig. 1, when
the torque generated by the leverage and the lever exceeds the static braking torque of the brake, the
drum is rotated, then the static braking torque is equal to the latest leverage before rotation plus the
length of lever. In this simulation, the virtual prototype of drum brake is constructed as Fig. 2, and
some constraints are added to realize its parts' relative motions, such as the contact between the drum
and brake-shoes, the revolute joint between left(right) arm and base, the brake-shoes and left(right)
brake arm. For the static braking torque test is micro movement, the damping of the spring can be
omitted, therefore, the spring is replaced as the equal force with the same motion, and the spring force
ismeasured on the spring testing machine at the corresponding compress length, which is4580.8N. In
order to analyze the influence of part's deformations on the static friction coefficient, three different
models are compared in the paper, they are the rigid body, the flexible drum and flexible brake-shoes
modelsindividually, whichisshownin Fig. 2, Fig. 3 and Fig. 4.

Figure 1. principle of measure static torque Figure 2. therigid model of drum brake
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Figure 3. the flexible drum model Figure 4. the flexible brake shoes model

The flexible drum and brake shoes are generated in Patran finite element analysis software by
dividing the entity grid and adding the MPC constraint on the solid parts model, which is shown in
Fig. 5 and Fig. 6, then the norma modes solution is executed to obtain the parts vibratioNmodes at
different frequencies with nmf files, therefore, the rigid-flexible models are generated individually by
importing nmf filesto ADAMS, at the same time, the lower frequencies of flexible body are omitted
for they represent grid body mode. Only 7th-18th modes are chosen in the rigid flexible coupling
model.
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Figure 5. the drum model Figure 6. the brake shoes model

In order to accurately find the static friction coefficient in simulation, the static coefficient of
contact in ADAMS is set among 0.9 to 0.35, and 7200Nm that is dlightly larger than the measured
static braking torque be on the brake drum. When the static coefficient of contact islower than needed,
the drum is rotated by the external torque, then the measured static braking torque as 7200Nm is on
the brake drum, in order to prevent the drum from rotating, the static coefficient of contact is adjusted
to the critical value on the basis of the previously simulation, and the driven torque function is
STEP(time,6,0,7,7200000), meanwhile, an angle sensor is aigned on the drum, which makes it
convenient to determine whether the drum is rotated.

In the rigid body model simulation, the angles varied with different static friction coefficients at
7200Nm isshown in Fig. 7, when static friction coefficients are greater than 0.35, angles of drum are
amost kept stable. During 6s-7s, the angle curves are fluctuated due to the external torque. Then by
simulation the minor static friction coefficients to keep drum stable is 0.349 at 7100Nm, the positive
force and friction force on the drum are shown in Fig. 8 and Fig. 9 respectively, in Fig. 8 the positive
forces are varying from 32500N to 27500N due to the external torque. Similarly, the friction forces
are varying from aimost ON to 13263N and 12092N, which aren't equal because the drum'sweight is
also considered.
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Figure 8. the left and right positive forces on drum
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Figure 9. the left and right friction forces on drum

Similarly, as to two rigid flexible coupling models, when the brake shoe is flexible body, the
minor static friction coefficients to keep drum stable is 0.375 at 7100Nm, the positive forces and the
friction forceson drum are shownin Fig. 10 and Fig. 11, in Fig. 10 the positive forces are rising from
32300N to 32500N during the external torque being executed, in figure 11 the two friction forces are
eventually stabilized at 11280N. When the drum is flexible body, the minor static friction coefficients
to keep drum stable is 0.65 at 7100Nm, the positive forces and the friction forces on drum are shown
in Fig. 12 and Fig. 13, in Fig. 12 the positive forces are rising from 32000N to 32500N during the
external torque being executed, in Fig. 13 the two friction forces are eventually equal at 10560N.
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Figure 10. the positive forces on drum (flexible brake shoes)
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Figure 12. the positive forces on drum (flexible drum)
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Figure 13. the friction forces on drum(flexible drum)

The comparison of three different models is presented at Table 1, where the static friction
coefficient of flexible brake shoes model is 0.375, it is the closest to the experimental friction
coefficient of material at ambient temperature in test reporter. As to the friction torque, the flexible
brake shoes model is also the closest to the external torque 7200Nm. The simulation result of flexible
brake shoes model is the most closely consistent with the experiment of static braking torque, and in
the rigid body model the deformation of contact friction pairs isn't considered, while in the flexible
drum model the deformation of drum is considered, but the deformation of brake shoes isn't taken
consider, the deformation of brake shoesis bigger than that of drum in the experiment.

Table 1. the summary of the static braking torque

the model tvpe static friction friction force Friction torque positive force
P coefficient (N) (Nem) N)
rigid model 0.349 12678 7986.8 27500
flexible brake 0.375 11280 7106.4 32500
shoes model
e 0.65 10560 6652.8 32500
model

Thedynamic braking torque simulation of crane drum brake

In the crane brake type test, the dynamic braking torque is measured by the inertia test system,
which is shown in Fig. 14, and the virtual prototype of inertia test system is shown in Fig. 15, two
revolvejoints are added at each end of main shaft, the flywheel s needed in the simulation are attached
to main shaft with fixed joints, while the other are fixed on the ground. The brake drum is fixed
oNmain shaft, and the base of brakeis also fixed on the ground, and the parts' mass and moment of the
inertiaare set in ADAMS accordl ng to their drawing.

o + ’:1ﬁs

Figure 14. theinertiatest system
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Figure 15. the virtual prototype of inertiatest system

At firgt, theinitial rotating speed of main shaft before braking is set on 600 rpm, so a speed drive
Is added to the motor end of main shaft, its speed versustimeis shown in figure 16, the speed of main
shaft is accelerated from Orpm to 600rpm during 0s-0.3s, then the speed drive is removed and the
whole system is rotating freely during 0.3s-0.54s, when the brake starts at 0.54s, the speed of whole
system is rapidly decreased to Orpm in 0.7s, and the variation of dynamic torque is recorded in the
fixed joint that connects the drum and main shaft. Meanwhile, a simulation script is set up to realize
this process in ADAMS, which is shown in Fig. 17. The contact is inactive from Os to 0.54s, so the
speed of main shaft isaccel erated to 600rpm, and the contact is active from 0.54s, thus the drum brake
isbraking at 0.54s. In order to consistent with the dynamic braking torque of crane brake type test, the
coefficients of contact in ADAMS are carefully adjusted according the length of braking time in type
test, and the damping of spring is also adjusted for suppressing the brake's vibration caused by
dynamic positive force and friction force. The practical speed of main shaft versus time during
barking is shown at figure 18, the braking process is lasting about 0.7s, thus the braking period of
simulation is also adjusted to 0.7sin Fig. 16.
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Adams/Solver Commands

! Insert ACF commands here:
DEACTIVATE/CONTACT, ID=1,2
DEACTIVATE/SFORCE, ID=5
DEACTIVATE/JOINT, ID=5,12
SIMULATE/DYMAMIC, END=0_4, STEPS=20000
DEACTIVATE/MOTION, ID=6
SIMULATE/DYNAMIC, END=0.54, STEPS=20000
DEACTIVATE/JOINT, ID=38
DEACTIVAIE/JOINT, ID=41,642
DEACTIVATE/MOTION, ID=15
ACTIVATE/CONTACT, ID=1,2
ACTIVATIE/JOINT, ID=5,12
ACTIVATIE/SFORCE, IDmb
SIMULATE/DYNAMIC, END=1_5, STEPS=20000

Figure 17. the simulation script
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Figure 18. the practical speed of main shaft versustime

The practical dynamic braking torque versus time is shown in figure 19, when the brake starts at
0.2s, the practical dynamic braking torque is rapidly increased to 4361Nm at 0.4s, then the speed of
main shaft begin to decrease 335rpm at 0.6s, and between 0.6s and 0.8s the dynamic braking torque
reaches to its maximum5762Nm. When the speed of main shaft is lower than 163rpm, the dynamic
braking torque becomes falling, finally the speed and torque are almost reaching to zero at same time.
In order to observe the relation between different speed and torque, we set the initial speed of the
inertia test system from 200rpm to 600rpm, the practical speed of main shaft and dynamic torque
during braking are shown in figure 20& 21 respectively. The faster initial speed is, the longer braking
time is needed, and the dynamic braking torgue is independent of initial speed in a certain range, in
Fig. 21 the highest torque among different initial speed is amost equal at about 5800 Nm, and the
faster initial speed is accompanied with the longer duration of dynamic torque.
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373



ATLANTIS . . .
PRESS Advances in Engineering Research, volume 113

5000

5000

4000

3000

torque Nm)

2000

1000

0.7

time (s}

Figure 21. the practical dynamic braking torque of different speeds versustime

In order to verify the virtual prototype of inertiatest system, the simulations of dynamic braking
torque at different initial speeds are executed, and the static and dynamic coefficients in contact
between brake drum and shoes are individually set to 0.349 and 0.26. The rigid model is adopted in
the simulation because of less calculation with better results, and in Fig. 22 the dynamic braking
torques of different speeds are displayed, the middle of curves are the variations of torques during
braking, the amplitudes of braking torques are almost equal to 5800Nm, which is consistent with the
practical dynamic braking torques of different speeds.
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Figure 22. the dynamic braking torques of different speeds versustime

Conclusion

In the paper, the static and dynamic friction coefficients of crane brake are researched by
multibody dynamic ADAMS software. Firstly the virtual prototypes of static and dynamic braking
torque test are built according to the crane brake's type test, next by reducing the static friction
coefficient, the minimum static friction coefficient is found in simulation of the practical static
braking torque, then the relation of practical dynamic braking torques with different initial speeds are
invested, meanwhile, the simulation of dynamic braking torques versus different speeds are also
invested, which is consistent with each other. In this way, the virtual prototype of crane brake can
substitute the practical crane type test in a certain range.
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