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Abstract: Based on the phenomenon of “split brick by Qigong”, a mechanical model for short beam impact is pro-

posed. Combined with the traditional energy method, a theoretical analysis of the impact of the short beam (Timo-

shenko beam) closer to the real situation is made considering the quality and initial deformation. The optimal solu-

tion of short beam impact problem of how to choose the position where the short beam is most likely to break is

obtained. The finite element numerical analysis and experimental test are used, and the results verify the applica-

bility of the theoretical analysis of the proposed model.
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0 Introduction

As one of China’s intangible cultural herit-
age, “Qigong” has a very long history. The liter-
atures on mechanical research of the phenomenon
“Split brick by Qigong” and how to choose the
optimal impact location that makes the brick easi-
est to break is rare at home and abroad. In this
paper, this phenomenon is simplified to the prob-
lem of cantilever beam impact, and the beam
quality and initial deformation effects are taken
into account to study its mechanical characteris-
tics and the best impact position for the explora-
tion of the broken (failure) of the bricks. A gen-
eral conclusion of the problem of cantilever beam
impact is drawn, so that it has more engineering

application value™”,

1 Theoretical Analysis

1.1 Basic assumption

The establishment and analysis of the model

are based on the following assumptions:
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(1) The impact collision is a completely ine-
lastic collision, the energy absorbed by an shock
body during impact is not considered.

(2) The impact stress of the beam is within
the elastic range, the stiffness and elastic con-
stants during impact are the same as those of

static load™ .
1.2 Model establishment

The essence of the phenomenon “Split brick
by Qigong” is to hit a brick by a certain force at a
certain speed. In the process of “split brick”, one
end of the brick is fixed, and the other end is
free, which can be simplified as an impact prob-
lem of a cantilever beam. The impact model is
shown in Fig. 1, where m is the mass of the shock
body, [/ the extension of the beam, and a (dis-
tance from the constraint) the coordinate of the
impact position. In the conditions consistent with
the above assumptions, the speed at which the
shock body and the beam are initially approached

is v, the initial speed at which the two start to
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Fig.1 Diagram of impact model

move together is v;, the sum kinetic powers of
the two is T, which can be considered as the ef-
fective kinetic energy transformed into the de-
formation energy of the beam, M is the equiva-
lent mass defined by the kinetic energy of the
beam™’, that is, the kinetic energy of the concen-
trated mass M at the impact position is equal to
the kinetic energy of the whole beam. M can be
obtained from the function of the initial velocity

distribution of the beam.

The relationship of T can be written as

_ 1 , muv Z: m’ v’
= M (770 =gy D

The beam is simplified as a linearly elastic
body. The diagram of the initial deformation of

the beam is shown in Fig. 2.

Fig. 2 Diagram of initial deformation of beam

According to the energy conversion during
the impact process, after the collision, the kinetic
and gravitational potentials of the two concentrat-
ed mass are transformed into the deformation en-

ergy of the beam, which can be expressed with

Tt (M mg(ds = A) + Vi =2 Fua, (2)

where A4 is the dynamic deflection of the beam at
the impact position, A; the static deflection of the
beam at the impact position caused by its own
weight', and V, the initial deformation energy
of the beam resulted by its own weight. For a lin-

early elastic body

F, :M/g
Aa A;

where £ is the stiffness coefficient of the beam

=k (3)
[5] s
M’ the equivalent mass defined by potential ener-
gy, and g the gravity acceleration.

Substituting Eq. (1) and Eq. (3) into Eq. (2),
Eq. (4) can be obtained

2(M + m) 2(M + m)

Ay — M Aq 4 -+ M AJ
1 o m’ v’ _
2V 2 M/gAj M/g(Mer)AJ—O (4)
It is assumed that
_2(M~+m)
A= —
., (5)
B— m-v° 2V 4
Mg (M +m)
So Eq. (4) can be simplified as
i—AAN + AAT —BA; =0 (6)
The solution is
_A _ 1 — A
=2 { o A) }A, KA,
7
where K, is the dynamic load factor'™. For an im-
pact issue
B B 1
4(A2Aj A) >lar>g  ®
So the approximate solution of K, is
A 4B m’ v
/ A%
2N AA, \/M ;,A + Zo)
9

For short beams with concentrated loads, the
points on the upper surface and the neutral layer

are easiest to break. The stress of these points
f<L7]

1S
_ Fa _ 6Fa
T bh*
(10)
_3F
& 20

where h is the depth of the beam and & the width
of the beam.

As can be seen {rom the above correlation,
the value of 5., and 7., is related to a:

(1) For 13.25 mm = h/4 < a</=180 mm,
Og == Tun

The maximum dynamic stress on the upper

surface is
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where
_ i M'g 2
fla) = (,h ) iy (M+m+zvm)a (12)
(2) For 0 mm <<a< h/4 =13.25 mm, r, >
O'st
The dynamic stress of the neutral layer is
o _3FK, _
=Koz = 20h
3 M'g 1 m* o
3 2V _
%M/Aj (M T 2Va )@ =Ve(@ (13)
where

3\ Mg/ m'd
pla) = (th) A, <M-|—m
Eq. (15) can be obtained according to the de-

+2VZO) (14)

flection formula and potential equivalence® .
M'ga’®
3EI
Eq. (16) can be obtained according to the kinetic

A,‘:

3 %
[1+€<1+#> a—} (15)

equivalence and the velocity distribution of the
beam.

1

l
IMoi = [ Lho’ ()da (16)

or

szbhﬂ (5')de an

a

Considering that the function of velocity dis-
tribution of the beam has a similar form with its
principal mode, a function that satisfies the
boundary condition is used as the principal func-

(10 Tt is assumed that w = (x)?, so

B 1 l 2 - )h[s
M=gh| (£) de =2 (18)
The initial deformation energy can be calculated

by Eq. (19)

_ 2(x) EF%(x)
VZO—JO dx +Jo s EEOL)

The function of v/ f(a) and+/¢(a) can be deter-
mined by substituting Egs. (15),(16),(18),(19)

to Egs. (11),(13), so the maximum value of o4

tion

and 74 can be obtained.

2 Numerical Examples

The calculation parameters are as follows:

m=10 kg, H=150 mm, v=1.732 m/s, b=
115 mm, h=53 mm, /=180 mm, p=1 900 kg/
m®, ;4=0.21, E=5 800 MPa. G=2 400 MPa"'"

Based on the above parameters, the value of

V, » I, M can be obtained, respectively.

- —6
vV, = (OEI+5GA> —=8.724 X 10° ()
Izibh3:1.427><10*6<m4>
)hl O 022 O(kg)

For 13. 25 mm<{a<{180 mm

fa )73 45 X 24 829. 8><1O8
a-+2.039X10°/a
( 300

0.022 5/a* 410

The function curve of o4 =+/ f(a) is drawed
by software MATILAB (Fig.3).
Fig. 3, the maximum value of ¢4 is 42. 46 MPa

+1.744 X 10*5>

As shown in

with ¢ =80. 3 mm, when the beam is impacted in

this position, the beam is most easily broken.

45
40t
35t
301
25¢
201
15t
10+

5t

0 L L L L
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Impact position / mm

Dynamic stress o,/ MPa

Fig. 3 The function curve of 64 = +/ f(a)

For 0<<a<{13. 25 mm

6.057 X 24 829.8 X 10* .
a*(a+2.039 X 10 */a)

( 300
0.022 5/a*> + 10

pla) =

+1.744 X 10*5)

=+ ¢(a) is drawn by

The function curve of 7,
software MATLAB (Fig. 4).

From Fig. 3, we can know that the beam is
most easily broken with impact position a =
80.3 mm within the range of 13.25 mm a <
180 mm. Within the range of 0<Ca<{13. 25 mm,
because the region is in the Saint-Venant influ-
ence area, the theoretical solution contains a cer-
tain deviation from Fig. 4. This issue will not be

discussed in detail in this paper.
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Fig. 4 The function curve of 4 = W

3 Numerical Simulation and Analy-
sis Based on Ansys

3.1 Development of finite element model

The model of the brick and the shock body
wedge hammer is shown in Fig. 5. The SOLID
entity unit supported by ABAQUS is used in the
model™?'. In the experiment, one end of the brick
is fixed by surface-surface contact in a clamping
area. So in the finite element model, the solid el-
ement at the left side of the extension part of the
brick is constrained completely to achieve the
fixed constraint of the clamping area at the end.

The initial velocity of the hammer is in the nega-

Table 1

tive direction of Y, and its value is 1. 732 m/s.
The solution time is set to 1. 2 ms""*'", All the
calculated parameters are the same as those in

Section 2.

Yy B
A
X

Fig.5 Finite element model of wedge-hammer

3.2 Results and analysis

The stress distribution of the brick is studied
when the hammer hit the different position with
the same energy. The brick is divided into some
pieces along the X direction at every 10 mm.
Three of these simulation results are shown in
Figs. 6—38.

According to the data obtained from the sim-
ulation, the stress at the impact position and the

root of the brick are shown in Table 1.

The maximum stress at the root of brick

Impact position/mm 30 40 50 60

70 80 90 100 110 120 130 140

The maximum stress / MPa 26.8 37.3 44.9 48.7

51.8 43.7 44.5 41.1 36.6 29.8

Fig. 6

Stress distribution of brick when the hammer

hits the different position (X=60 mm) with the

same energy

A curve is fitted according to these figures in
Fig. 9.
The data in Table 1 and the curve in Fig. 9

Fig. 7 Stress distribution of brick when the hammer hits

the different position (X=80 mm) with the same

energy

are very consistent with the analytical solution of

the theoretical model.
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Fig. 8 Stress distribution of brick when the hammer hits
the different position (X = 100 mm) with the

same energy

Dynamic stress o,/ MPa

80 100 120 140 160 180

act position / mm

Fig. 9 Fitting curve of the maximum stress at the root of

brick

4 Experimental Verification
4.1 Introduction to experimental device

The experimental device consists of guide
The

guide rail is welded to the base and the fasteners

rail, base, heavy hammer and fasteners.

are connected to the base by bolt positioning
holes*,

experimental device and Fig. 11 is the physical di-

Fig. 10 is the three views drawing of the

agram of experimental device.

Fig. 10 Three-view drawing of experimental device

Fig. 11 Experimental device photographed

4.2 Results and analysis

In the

heights, 150 mm and 100 mm, respectively. Four

experiment, we set two impact

impact Positions A, B, C, D are selected on the
brick (Fig. 12), and the distance from the con-

straint face are 30 mm, 60 mm, 90 mm,
120 mm, respectively™®,
7 1 1 1 1
| | | | |
Fastener A B C D
Fig. 12 Diagram of the impact position

Twenty tests are conducted at each impact
location with the same impact height, the experi-

mental data are listed in Table 2.

Table 2 Experimental data

Impact Impact position/mm
height/mm 30 60 90 120
150 19 14 4 2
100 11 4 1 1

The relation between the number of fractures

and the impact location is shown in Fig. 13.

4.3 Experimental conclusions

As shown in Table 2, the closer the impact
point to the restraint position, the easier the brick
to be broken. For example, when the impact
height is 150 mm, there are 95% broken bricks at
the impact Position A, while there are only 10%

broken bricks at the impact Position D. In the
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Fig. 13 Relationship between the number of fractures

and impact position

broken bricks, the fracture position basically ap-
pears at the root of the bricks. Besides, the higher
the impact height, the more number of broken
bricks. But, when the impact height reaches a
certain height, the impact position can be neglec-

ted, and the bricks will be all broken.

5 Conclusions

From numerical and simulation analysis, as
well as experimental results, some general obser-
vations of this study can be summarized as fol-
lows:

(1) When the impact position is close to the
root of the brick. the broken is mainly caused by
shear stress; on the contrary, bending stress is
the main reason for the broken.

(2)The brick is most easily broken with the
impact position a =380. 3 mm within the range of
h/4<a<< [ for the example cited in this paper.

(3) The simulation results are very consistent
with the analytical solution of the theoretical
model, which shows that the theoretical model is
reasonable and applicable.

(4) According to the experimental result, the
fracture position basically appears at the root of

the beam in such impact problems.
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