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Finite element analysis of three-hole socket with a shutter
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1. Introduction

Socket is an important low voltage electrical
component, which is the key link of obtaining electric
power as a daily necessity. The security of sockets is al-
ways focused on when being used. Traditional sockets
have the biggest security risk of electric shock, imperfect
contact and ablation [1].The presser-vability against elec-
tric shock is one of the important indexes of socket secu-
rity performance. So it is of importance to research on the
three-hole socket with a shutter by means of finite element
analysis [2, 3].

The present work was carried out in order to ob-
tain simulation data of the socket. In the next section, the
structure of three-hole socket with a shutter is described as
well as its operation principles. FE model of three-hole
socket with a shutter is developed using commercial pro-
gram LS-DYNA [4-6] in Section 3. The results of finite
element analysis are given and discussed in Section 4. Fi-
nally, research conclusions are summarized.

2. Description of the three-hole socket with a shutter

Three-hole socket with a shutter is mainly com-
posed of a shutter, a spring, a bolt and a sleeve, whose
structure is added with a shutter design on the basis of
three-hole socket so as to increase the security perform-
ance. Compared with common sockets, three-hole socket
has the following advantages:

* when ready for use, the plug socket is closed by the
shutter, which can prevent bodies or other objects
from touching the conductor in the hole against
electric shock;

* when the plug is pulled out, the plastic chip in the
sockets will automatically cover the plug socket,
thus the socket is dust-free.

The structure of three-hole socket with a shutter is
illustrated briefly in Fig. 1.The bolt through the plug socket

bolt shutter
;

sleeve

Fig. 1 Brief sketch map of three-hole socket with a shutter

act on the bevel of the shutter vertically. The decomposed
horizontal thrust push the spring, then the shutter opens
and the bolt plugs into the sleeve. When the bolt is pulled
out, the resilience acts on the shutter and make it close.

3. Development of FE model of three-hole socket with a
shutter

Before FE analysis on the socket, its structure
should be simplified. Then select suitable unit type or unit
combination to partition reason mesh and define con-
straints so as to conform the developed FE model to its
structure itself. The simplified structure model is shown in
Fig. 2.

Fig. 2 Simplified structure model of three-hole socket with
a shutter

3.1. Mesh partitioning of three-hole socket with a shutter

Relatively complex components are selected to
be reported in this paper.

* Mesh partitioning of the ram.
Geometric model of the ram is given in Fig. 3.
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Fig. 3 Geometric model of the ram: a - front view; b - back
view
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From Fig. 3, a it can be seen that the cylinder is only to
constrain the spring’s freedom, so the cylinder can be
omitted. The hole in Fig. 3, b won’t cause any effects in
working conditions, so it can be seamed.

The mesh partitioning of the ram is shown in
Fig. 4.

Fig. 4 Mesh partitioning of the ram

* Mesh partitioning of the spring.

The spring is an important component of three-
hole socket with a shutter, and its demand of mesh parti-
tioning is relatively high because it is very thin. Owing to
the irregular shape of the spring end and the trend of the
spring axis lessening, “Solid map” is used to partition the
spring end firstly and the steps are as follows:

1) partition two-dimensional mesh of the face shown
in Fig. 5, a using “Spline”;

2) make the line shown in Fig. 5, b combination with
the cylinder into a face;

3) set the parameters of each face shown in Fig. 5, ¢
using “Solid map” ;

4) generate the meshes as in Fig. 5, d.
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Fig. 5 Partition of the spring end: a — step 1; b — step 2;
c—step 3; d—step 4

Secondly, “Line drag” is used to partition the heli-
cal cylinder. Here, two-dimensional unit is the source face
mesh generated above and a centre line as in Fig. 6 is gen-
erated to stretch the two-dimensional mesh. Finally, set the
tolerance parameter be 0.01 using “edges” panel and
search the coincident nodes using “Preview equiv” and
seam the nodes found using “equivalence” so that the end
and the cylinder of the spring can be combined and proc-
essed as the spring. The partitioned result is shown in
Fig. 7.

centre line

Fig. 6 Centre line to sketch two-dimensional mesh

Fig. 7 Mesh partitioning of the spring

* Mesh partitioning of the socket.
Shell unit is used to partition the socket. Generate
a neuter faces using “midsurf” panel as in Fig. 8 and parti-
tion two-dimensional mesh of the neuter faces as in Fig. 9.
Then reflect the left neuter face and the overall mesh
model of the socket can be obtained as shown in Fig. 10.
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Fig. 9 Mesh partitioning and reflection of the neuter face

Fig. 10 Overall mesh model of the socket



3.2. Loading and solving

* Materials definition.

In our research, the materials of the plug, socket
and spring are defined as bronze, whose parameters are as
follows:

Rho(density):8.8x10° kg/m’;
E: 130KN/mm?;
Nu: 0.2.

The material of the ram is defined as engineering

plastic and its parameters are as follows:
Rho(density):1.2x10° kg/m’;
E: 10KN/mm’;
Nu: 0.2.

The units of the plug, spring and ram are proc-
essed using “section_solid” and the socket using “sec-
tion_shell”. Also the contact between the plug and socket
is defined as well as the contact between the spring and the
ram.

¢ Constraint loading:

1. the socket root is fixed;

2. the plug can move only in the direction of Y;

3. the ram can move only along the spring;

4. the spring can only expand and contract in the di-
rection of its axis.

¢ Force loading.

In our research, the force is relatively complex.
After detailed analyzing the simulation process, the opera-
tion starting time, ending time, distances and direction can
be seen. The contexts of the spring load curve are as fol-
lows:

xydata,
0e0,0e0
S5e-1,-1.1e0
3.5¢0,-1.1e0
Endata
and the contexts of the plug load curve are as follows:
xydata,
5e-1,0
2.5¢0,-1.6el
Endata

The process of the loading according to the
above contexts is illustrated in Fig. 11. Here, the red line is
spring load curve and the black line is plug load curve. It
can be seen easily that the spring remains pre-tightened
with the pre-tightening distance equalling to 1.1 mm before
the plug operating and then the plug move 16 mm toward
the direction of Y.
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Fig. 11 Illustrative graph of loading process

* Solving.
Firstly, set parameters using “control card” panel
and then generate “* .Key” file used for solving to output
the solving results [7].
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4. Results and discussion

The stress during the whole plugging procedure
can be obtained through Is-prepost as in Fig. 12. Here, the
unit of strain values is GPa.
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Fig. 12 Stress diagram during the whole plugging proce-

¢ - time=0.6; d -
1.7; g-time=2;

h - time=2.2; i - time=2.4; j - time=2.5

After analyzing the stress diagram, stress con-

centration can be found as marked in red in Fig. 13.
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Fig. 13 Stress concentration during the whole plugging
procedure

»  The thrust opening the shutter calculation.

Open the node force file “nodfor.txt” and search
the force of nodes on the spring as shown in Table 1. Here,
the force refers to the node force of z direction.

Table 1
Force record of nodes on the spring
NODE FORCE, N NODE FORCE, N
1575 5.7 1580 5.8
1576 5.7 1581 5.7
1577 5.6 1582 5.7
1578 5.6 1583 5.7
1579 5.7 1584 5.7
Average 5.7

From the force analysis diagram as shown in Fig.
14, the relationship between the forces acting on the shut-

ter can be concluded easily. That is

Fsin"'o

=T

where F denotes the thrust, T denotes the node force of z
direction, N denotes the sustentation from the base and &

equals to 41.6°. According to Table 1, T equals to 5.7 N,
then the thrust F equals to 8.58 N.

F

N

Fig. 14 Force diagram of the shutter

It can be concluded that the vertical force F act-
ing on the shutter decreases with @ increasing. If & is too
large, the bolt can easily push and make the shutter open
and the shutter will lose the function of guarding against
electric shock; if @1is too small, F will increase and as well
as the difficulty of opening the shutter and the shutter will
be easy of breaking down. So, the force F can be con-
trolled by adjusting & reasonably so as to bring the shutter
into reason action of guarding against electric shock.

* The force plugging into the sleeve.
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The node force between the three pairs of bolts
and sleeves can be found in output file “nodefor.txt”. The
records of the force of Y direction are given as in Table 2,

3,4.
Table 2
Force record of nodes between boltl and sleevel
NODE FORCE, N NODE FORCE, N
1344 3.2 1349 3.5
1345 3.2 1350 3.5
1346 33 1351 33
1347 34 1352 3.6
1348 3.1 1353 3.2
Average 3.33
Table 3
Force record of nodes between bolt2 and sleeve2
NODE FORCE, N NODE FORCE, N
1921 2.2 1926 3.2
1922 3.0 1927 2.8
1923 2.4 1928 2.4
1924 2.4 1929 2.4
1925 2.8 1930 2.2
Average 2.58
Table 4
Force record of nodes between bolt3 and sleeve3
NODE FORCE, N NODE FORCE, N
2713 2.3 2718 2.0
2714 2.1 2719 2.3
2715 2.3 2720 2.3
2716 2.3 2721 2.4
2717 2.1 2722 2.1
Average 2.11

Thus, the force plugging into the sleeve by the
bolt can be obtained: 3.33+2.58 +2.11 =8 N.

5. Conclusions

The work reported here on finite element analy-
sis of three-hole socket with a shutter is an analysis and
optimization part of socket products development by the
authors and cooperative enterprises. This research seeks to
confirm the reasonableness and effectiveness of designed
sockets, and to analyze the factors affecting the design
parameters and structure so as to provide design references
for designers. The main results of this research can be con-
cluded as follows.

1. Finite element analysis results show the stress
concentration zero during the whole plugging procedure
which can provide reference for structure design and opti-
mization.

2. The shutter angle significantly affects the
force during the whole plugging procedure. If the angle €
is too large, the bolt can easily push and make the shutter
open and the shutter will lose the function of guarding

against electric shock, if @is too small, the shutter will be



easy of breaking down.
3. In our research, & =41.6°. The vertical thrust
F acting on the shutter equals to 8.58 N and the force plug-
ging into the sleeve by the bolt equals to 8 N. The results
are conformed to national standard.
4. Designers can reasonably control & to control
the spring thrust and the force plugging into the sleeve,

and to make full use of the presservability against electric
shock.
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Tong Yifei, Li Dongbo, Yu Fei, He Yong

TRIJU SKYLIU KONTAKTINIO LIZDO SU UZRAKTU
TYRIMAS BAIGTINIU ELEMENTU METODU

Reziumé

Kontaktinis lizdas yra svarbi grandis naudojant
zemos jtampos elektros energija. Kontaktinio lizdo saugu-
mui skiriama daug démesio. [prastiniams kontaktiniams
lizdams pavojinga elektrinos iskrova, jie sugadinami arba
pablogéja kontakto savybés. Vienas pagrindiniy kontakti-
nio lizdo saugumo rodikliy yra jo apsauga nuo elektrinos
iSkrovos.

Trijy skyliy kontaktini lizda su uzraktu paprastai
sudaro slankiklis, spyruoklé, varztas ir jvoré. Si konstruk-
cija taikoma trijy skyliy kontaktiniam lizdui, siekiant padi-
dinti jo naudojimo sauguma. Siame straipsnyje aprayta
irenginio konstrukcija, veikimo principas. Trijy skyliu kon-
taktinio lizdo su uzraktu konstrukcija supaprastinta, kad ja
biity galima tyrinéti baigtiniy elementy metodu. Sudarytas
trijy skyliy kontaktinio lizdo su uzraktu baigtiniy elementy
modelis. Skaidymo tinklo tipui tinkamai parinkti pasirink-
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tos kompleksinés detalés — slankiklis, spyruoklé, kontakti-
nis lizdas. Dinaminius procesus modeliuojant baigtiniu
elementy metodu, kontaktinio lizdo junginéjimo metu pa-
vojingo itempiu koncentracijos nesusidaré. ISanalizuotas ir
skai¢iuotos jégos, veikiancios uzrakta, spyruokling atrama,
tvorg. Nustatyti veiksniai, turintys jtakos minétai jégai.
Modeliavimas ir skai¢iavimai rodo, kad konstrukcija ati-
tinka valstybini standarta, atliktos analizés rezultatais gali
remtis projektuotojai.

Tong Yifei, Li Dongbo, Yu Fei, He Yong

FINITE ELEMENT ANALYSIS OF THREE- HOLE
SOCKET WITH A SHUTER

Summary

Socket is an important low voltage electrical
component, which is the key link of obtaining electric
power as a daily necessity. The security of sockets is al-
ways focused on when being used. Traditional sockets
have the biggest security risks of electric shock, imperfect
contact and ablation. The preservability against electric
shock is one of the important indexes of socket security
performance.

Three-hole socket with a shutter is mainly com-
posed of a shutter, a spring, a bolt and a sleeve, whose
structure is added with a shutter design on the basis of
three-hole socket so as to increase the security perform-
ance. So it is of importance to research on the three-hole
socket with a shutter by means of finite element analysis.
In this paper, firstly the structure and operation principles
of three-hole socket with a shutter are described.

Secondly, the structure of three-hole socket with a
shutter is simplified out of finite element analysis necessity.
Thirdly, the FE model of three-hole socket with a shutter is
developed. Relatively complex components are selected
for detailed discussion about mesh partition in this paper
including the ram, the spring and the socket. The finite
element dynamic simulation results show the stress con-
centration zero during the whole plugging procedure.
Fourthly, the forces acting on the shutter are analyzed and
the spring thrust and the force plugging into the sleeve are
calculated. Finally the factors affecting the thrust and the
plugging force are analyzed. The simulation and calculated
results show that the design conforms to the national stan-
dard and the analysis can provide design references for
designers.
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NCCIEJOBAHUE KOHTAKTHOI'O THE3JJIA C
TPEMA OTBEPCTAMU U 3AMKOM METOZIOM
KOHEYHBLIX 9JIEMEHTOB

Pe3zmowMme

KoHTaKkTHOE THE3IO SBISACTCS BAXKHBIM 3BEHOM
IPHY HOTPEOJICHUH 3IEKTPHYECTBA HU3KOTO HAIPSDKEHUS U
nepeadu ee Momu moTpebutenmio. [Ipm ymorpebnennn
KOHTaKTHOT'O THe3Ja OOJIbIIOE BHUMaHHE YIENSeTCS €ro
Oc3omacHocTH. JIJii TPaaUIIMOHHBIX KOHTAKTHBIX THE3[
QIIEKTPUUECKUN Pa3psil SBISETCS ONACHBIM, THE30 IIOp-



TUTCS WIN yXyALIaeTcs €ro KOHTaKTHeIE cBoicTBa. OnHOMN
U3 OCHOBHBIX XapaKTEPUCTHK O€30MacCHOCTH KOHTAKTHOT'O
THE3/Ia ABJIETCS €T0 3alUTa OT JIEKTPHUUECKOro pas3psizia.
B o0mmem ciryyae KOHTaKTHOE THE3JO C TPEMsI OT-
BEPCTHSMH M 3aMKOM COCTOUT M3 JIBU)KKA, IPY>XHUHBI, O0JI-
Ta W BTYJIKH. JTa KOHCTPYKIMS NPUMEHSETCS AT KOH-
TaKTHOTO THE3/Ia C IIEJbI0 YBEIWIECHHUsSI OE30MacCHOCTH €To
Mob30BaHusA. TakuMm 00pa3oM, BaXXHO €ro KOHCTPYKIHIO
UCCIIE0BaTh, MPUMEHSSI METOJl KOHEYHBIX 3JIEMEHTOB. B
9TOH cTaThe ONKCaHa KOHCTPYKLHUS YCTPOMCTBa, MPUHLIUI
ero neiictBus. KOHCTpyKIIMS KOHTaKTHOTO THE3/a C TpeMs
OTBEPCTUSMH YIPOIICHA C LENbI0 €€ UCCIENOBaHUs METO-
JIOM KOHEYHBIX 3JIeMeHTOB. COCTaBlIeHa MOJENb KOHEY-
HBIX 3JIEMEHTOB KOHTaKTHOTO THE3/a C TPEeMsl OTBEPCTHS-
MU U 3aMKoM. J[71s To6opa MoaXOo SIIIero TUIIa CeTH pas-
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JETIeHUs] TON00paHbl KOMIUIEKCHBIE NETadd — IBHXKOK,
Npy)XHHa, KOHTaKTHOE THe310. Ilpu MozenmpoBaHuM Me-
TOJIOM KOHEYHBIX 3JIEMEHTOB JUHAMUYECKHUX IPOIIECCOB,
BO3HHUKAIOIIUX TPH MEPEKIIOYEHNH KOHTAKTHOTO THE3Ja,
HUKaKUX OMNACHBIX 30H KOHLEHTpAIUM HampsKeHUH Ha-
MpsDKEHUsT HE ycTaHOBIEHO. IIpoaHanu3upoBaHbl U OMpe-
JICNIEHBI CUIIBI, AEHCTBYIOLINE HA 3aMOK, IPYKHHHYIO OIO-
pYy, BTYJIKy. OnpeneneHs! (akTopsl, BIUSIONIE HA yITOMS-
HyTble CWJIBl. MonemupoBaHHe M pacueThl IOKa3bIBAIOT,
YTO KOHCTPYKIMS COOTBETCTBYET TOCYIapCTBEHHOMY
CTaHJAPTy W pe3ylbTaTaMU IPOU3BEIECHHBIX HMCCIEI0Ba-
HHUM MOTYT NOJIB30BATHCS MPOESKTUPOBIIUKH.
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