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ABSTRACT

Taking transmission system of rail transit vehictE®r as research object, virtual simulation andrsmission
stability of rotation roller screw are carried oukirstly, modal analysis is made to get the naturajuency and
vibration mode. Then with mnf files imported, ridlieiible mixed virtual prototype of door systenesablished.
Based on the vibration analysis of flexible scre@nsmission stabilities of rail transit vehiclesal are obtained.
Finally, velocity profiles are optimized to favansoth start-up and braking. The presented reseashprovide a
design reference for rotation roller screw for réiainsit vehicles door.
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INTRODUCTION

Transmission screw, as common transmission meahaigsvidely used in machinery tools, automotivercapace,
weapons and so on [1,2]. Scroll screw can be ¢ledsnto ball screw and roller screw. Ball screarsmission was
invented in 1874. In China, studies on ball screagam from late 1950s [3]. So far, researches ohdoa¢w

transmission from home and abroad have been exdearte now is widely used in CNC and other applacafields.

Roller screw transmission gas been developed iantegears with prior usage and manufacturing peréoice.

Roller screw transmission can be divided into iotatind planetary roller. Roller screw transmissizas studied
relatively late. Planetary roller screw was firstiyented in 1942 followed by a series of patemt@lkr screw vice,

including differential, ring-bearings and rollingdbroller screw.

Study of roller screw transmission in China begesmf the 1990s. The earliest research was from Haragh
University of Science & Technology. Ji Qianzhongkstudied the basic theory of roller screw traission as well
as ball screw parameter selection method, whichlagngood foundations for roller screw design, ilcation
analysis & design and life time analysis. Studiedstatic rigidity of roller screw were followed gepth [4]. Yang
Baozhe analyzed the running stability, modal arnislgnd load rating of roller screw for the followiroptimal
structure design and production [5]. Several stmattparameters of planetary roller screw wererojagd by the
multiplication-division and simulated annealing @lihm [6]. A kinematic model to predict the axiaigration of
the rollers relative to the nut in the planetarjeroscrew mechanism (PRSM) was developed [7].iffnstss model
for the PRSM was developed as well as the dynaafittse PRSM, including an effective inertia of tlechanism,
the constraint force on the spur/ring gear pa#, steady-state angular velocities, the screw/rsliprvelocity, and
efficiency of the mechanism [8]. The direct stifisemethod was used to construct a stiffness mddleoroller
screw mechanism, which models the entire rolleewanechanism as a large spring system composeuiiefdual
springs representing the various compliances [9].
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At present, researches on rotation roller screwsaldom reported. The presented research seeksdarch on the
transmission stability of rotation roller screwarder to lay good foundation for engineering pi@et@nd promote
the use of rotation roller screw.

EXPERIMENTAL SECTION

Modal analysis of crew structure

Modal analysis is used to analyze the vibratiorrattgristics of the structure to obtain the natémediuencies and
vibration mode, which is the basis of kinetic as@y According to the results of modal analysisigie engineers
for structure design can make natural frequencydaie external excitation frequency. Therefordpleanalyzing
the transmission stability of door system, it igoéat need to carry out modal analysis of scréwe Supporting way
has great importance to modal analysis. The suipgoof screw is as shown in Figure 1.

o ey ey

Figure.1. Supporting way of screw

Constraints Definitions are as follows:

1) Left side: Fix movement freedom of X, Y, Z amdational freedom of Y, Z;

2) The middle and right side: Fixed direction moestfreedom of Y, Z;

Modal evaluation mainly depends on lower modes. Bélew are the first four modal analysis resultssofew
below based on ANSYS.

HODAL SOLUTION

e —
1250542 TEE10a% 651627 SszTiEs
115375 345813 576358 _soease 2.6

a) 1-order modal analysis b) 2-order modal analysis

c) 3-order modal analysis d) 4-order modal analysis

Figure.2. The first four modal analysis results

Table.1. Natural frequency of the first four modalanalysis

Modal analysis | 1-order | 2-order | 3-order | 4-order
Natural frequency] 42.48 | 42.60 | 76.49 | 77.31

As can be seen from the above results of modalysisall-order frequency of screw is 42.48HZ. Therafion
mode of the first four modal analysis is bendingspiorsion in XY and XZ plane. It is obvious thataler natural
frequency will result in larger vibration during enations.
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Transmission stability analysis of rotation rollerscrew

Screw belongs to slender with small natural fregyemvhich is very important to smooth motion of daystem.
Rigid-flexible coupling analysis of ADAMS softwaf@0] is utilized to study the transmission stakildaf door
system as shown in Figure 3.

rigid prototype
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(door systems)

| |

| |

b modal analysis
b of screw

| |
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—~f

rigid-flexible
coupling simulation

solution & analysis

Figure.3. Analysis procedure of transmission stakitly
The key component with the greatest impacts ofstrassion stability on door system is the screw.d8cdng
rigid-flexible coupling simulation[11], the screw tonsidered as flexible, and the rest as rigid.aBgessing the
motion of screw node, the analysis results ardaw/s in Figure 4 and 5.

1) Motion of 1/2 central node
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& 5 i The acceleration of 1/2 center
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Figure.4. Screw vibration of 1/2center

It can be concluded from Figure 4 that centroidration of screw during operations is small. Axigplacement
amplitude is about Itmm, velocity amplitude of 0.1mm/s or so, and aaetien amplitude of about 50 mrfivs
Radial displacement amplitude is about 0.05mm,cigl@amplitude 20mm/s or so, acceleration amplitiddabout
10*mm/<. It is obvious that displacement of 1/2 centesrimller due to the support in the centroid of screw

2) Motion of 1/4 central node

During operations, the biggest vibrations occuth@ 1/4 and 3/4 position of screw. The vibratiorl6f screw are

measured as shown in Figure 5.

The displacement of 1/4 center

-446.0565
-446.0575
-446.0585
-446.0595
-446.06051
-446.0615

'446'0625:hw
440.06% 10 15 20

0 05
Time (sec)

Displacement (mm)

screw-flex

a) vibration of axial displacement

The velocity of 1/4 center

3.0
25
2.0
15
1.0

05 \L
0.0

030

screw-flex

— Vel Axial

Velocity (mm/sec)

05 1.0

Time (sec)

1.5 2.0

c) vibration of axial speed

The acceleration of 1/4 center

"o
or

-5000.0
-10000.0
-15000.0
-20000.0
-25000.%

Acceleration (mm/sec**2)

.0 05
screw-flex

1.0
Time (sec)

15 20

e) vibration of axial acceleration

Velocity (mm/sec) Displacement(mm)

Acceleration (mm/sec**2)

The displacement of 1/4 center

0.2
015
0.1 i
0.05 I
00
-0.05 e
-0.1 i
-0.15
-0.2 i

02
%.0 05 1.0 15 2.0
screw-flex Time (sec)
b) vibration of radial displacement
The velocity of 1/4 center
200.0
150.0
100.0
50.0
0.0 g
-50.0
-100.
%.0 05 1.0 1.5 2.0
screw-flex Time (sec)
djbration of radial speed
A The acceleration of 1/4 center
30000.0
20000.0
10000.0
0.0
-10000.0
-20000.0
-30000.0
-40000.0
-50000.4,5 05 10 15 20
screw-flex Time (sec)

f ) vibration of radial acceleration

Figure.5. Screw vibration of 1/4 center
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It can be concluded from Figure 4 that vibratiorl&f screw during operations is big. Axial displaest amplitude
is about 0.07mm, velocity amplitude of 3mm/s or angd acceleration amplitude of about 2.5%f0n/s. Radial
displacement amplitude is about 0.4 mm, velocityplitode 250 mm/s or so, acceleration amplitude hsua
6.5x1d mm/<.

It is obvious that the vibration of screw duringeogtions is relatively big due to the smaller dogfhe slender
structure. The length of transmission structurelade shorten for transmission stability improveinen

RESULTS AND DISCUSSION

The durations of accelerated switch and deceletaigking of door system are very short with bigederation and
deceleration. It is of great importance for doosteyn whether to switch and brake smoothly. Theegfdr is
significant to select a reasonable velocity profibeiring operations, rotary drive is applied, theut member of
which is the screw. So, angular velocity and angateeleration are considered as profile optimiratibjectives.

1) Analysis and simulation of constant accelerasitamt-up

The velocity profile of constant acceleration stgrf12,13] is illustrated in Figure 6.
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Figure.6. Velocity profile of uniform accelerationstart-up

Let the acceleration denoted &wnd the hodometer By, then:

H =at? +att,
T =2t +t,

Motion settings are as: Type-Velocity; Functiorf-tkfne-0.25 : -10400d*time , -2600d , IF( time-1.7582600d ,
-2600d , IF( time-2 : 10400d*time-20800d , 0d ,)Qd). The simulation result is shown in Figure 7.

The angular velocity of screw
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Figure.7. Simulation of velocity profile with consant acceleration start-up

From Figure 7, it can be seen that uniform acceterastart-up arises slight fluctuations of diséonbus velocity
and significant fluctuations of acceleration, whigiti result in bad impacts on system stability.

2) Analysis and Simulation of uniformly-varied ateration start-up

The velocity profile of uniformly-varied accelerati start-up is illustrated in Figure 8.
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Figure.8. Velocity profile of uniformly-varied accderation start-up

Let change curvature of acceleration denotgghbg the hodometer by, then:
_ _1
When t =1, Vv, ——,0tl

H= 2[v(t)dt+vt2 'Otl ,otlt2

T =2t +t,

Motion settings are as: TypeAcceleration; Function IF(time-0.125:-160000d*time, -20000d, IF(time-0.25:
160000d*time-40000d,0d,IF(time-1.75:0d,0d, F(tim&75:160000d*time-280000d,20000d, IF( time-2:-160D®0
me+320000d,0d,0d))))). The simulation result isvemdn Figure 9.

The angular velocity of screw
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Figure.9. Simulation of velocity profile with uniformly-varied acceleration start-up

According to the results shown in Figure 9, it dam drawn that uniformly-varied acceleration startarises
significant fluctuations a significant acceleratiorhich will result in bad impacts on system stiéil

2) Analysis and Simulation of uniformly-varied ateration start-up

The velocity profile of uniformly-varied accelerati start-up is illustrated in Figure 8.
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Figure.8. Velocity profile of uniformly-varied accderation start-up

Let change curvature of acceleration denotgghbg the hodometer Ly, then:
_ _1 o
When t =1, Vv, ——,Ot1

H = 2jv(t)dt+vt2 pti+ AL,

T —2tl+t2

Motion settings are as: Type Acceleration; Function: IF( time-0.125:-160000d*time,-20000d,
IF(time-0.25:160000d*time-40000d,0d, IF(time-1.75@d| IF(time-1.875:160000d*time-280000d,20000d, | kitet
2:-160000d*time+320000d,0d,0d ))))). The simulatiesult is shown in Figure 9.
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Figure.9. Simulation of velocity profile with uniformly-varied acceleration start-up

According to the results shown in Figure 9, it dam drawn that uniformly-varied acceleration startarises
significant fluctuations a significant acceleratiorhich will result in bad impacts on system stiéil

3) Analysis and Simulation of acceleration startwith sine functions
The velocity profile of acceleration start-up witime function is illustrated in Figure 10.
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Figure.10. Velocity profile of acceleration start-yp with sine functions
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Let change curvature of acceleration denotgghbg the hodometer by, then:

a= Aa)sin(wt), whereAw= a,,, a)::—T

1

v= A(l-cogat)), v, =A

V,, = A(l-cogwt)) = 2A
H, =V,t, = At,(1- coqat))

H = A(Ztl ——ZSir;()"Il) -t cos(a)tl)j

Motion settings  are as: Type: Acceleration; Functtio 1F(time-0.25:-16000d*SIN(P1/0.25*
time),0d,IF(time-1.75:0d,0d,IF(time-2:16000d*SIN[/®25*(time-1.75) ),0d,0d))). The simulation resid shown
in Figure 11.
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Figure.11. Simulation of velocity profile with uniformly-varied acceleration start-up

According to the results shown in Figure 11, it éendrawn that uniformly-varied acceleration stgrtget smooth
velocity with small acceleration fluctuation. Hovegythe acceleration duration is long with low @#nt.

Based on the above analysis, an optimized “sinesteoti’ acceleration start-up is proposed, whicleiith the
advantages of acceleration start-up with sine fanstwith improved efficiency. The velocity profitd acceleration
start-up with sine function is illustrated in Figut2.
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Figure.12. Velocity profile of “sine+constant” accteration start-up
OA motion:

a= Aa)sin(wt), whereAw= 8, w:2t£

A
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v=A(l-cogwt)), when t=t, v,=A

H :A(t—Mj, when t=t,, HA:A(tA_&CZIA)j

w
AB motion:
v=A+ Aw(t-1,), vhen t=ty, vy =v,+ Aw(t,—t,)
H = HA+VA(t—tA)+%Aw(t—tA)2,
in( et
whent=f, H, = {;—&a)‘\)} A;B+% g wheret,, =t —t,
BC motion:

v= A+ At — Acosw( t- tg), vhen t=t, v, = A+ Awt, — Acosw( - )
H=Hg+A(t-t,)+ Awt,g(t- tB)+ZA)(1—sina)(t—tAB))

vhen t=t, H,=Hg+A(t,~t;)+ Awt,g(t— t;) +ZA)(1— sinw(t,— tyg))

Motion with constant velocity:
H, =vt, = At,+ Awt, t,— ACOSCL)( - RB) t
Total hodometertH =2H, +H,

Motion settings are as: TypeAcceleration; Function: IF( time-0.25: -16000d *SINPI /0.25 *time),0d ,
IF( time-1.75:0d,0d,IF( time-2 : 16000d*SIN( PI/6*%time-1.75) ),0d ,0d ) ) ). The simulation resisitshown in
Figure 13.

The angular velocity of screw
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Figure.13. Simulation of velocity profile with “sine+constant” acceleration start-up

From Figure 13, it can be seen that “sine+constacteleration start-up get smooth velocity withyvemall
acceleration fluctuation. Moreover, the maximumedetion is much smaller with high efficient.

CONCLUSION

In this paper, taking transmission system of rahsit vehicles door as research object, virtuadutation and
transmission stability of rotation roller screw ararried out. Then, velocity profiles are optimizém better
transmission stability.In summary, optimal “sinemstant” acceleration start-up applied into screwults in
improved performances in start-up, braking anctigfficy.
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