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Study on Influencing Factors and Critical Conditions of
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Abstract: The mechanism of the influencing factors on the gouging wear phenomenon in rocket
sled tests is unclear, and the critical conditions are difficult to define. Based on the finite element
method, a unique three-dimensional gouging wear model is established to simulate this process in
a thermally coupled field. The simulation results show that under the initial heading speed and
temperature conditions, gouging wear occurs when the vertical speed reaches 1. 75 m « s ' or
above; Under the initial heading speed and vertical speed conditions, gouging wear occurs when
the temperature reaches 673 K or above. Under the initial heading speed condition, the gouging
wear rate increases with the increase of vertical speed and temperature. When the heading speed
increases from 1 200 m * s~ ' to 1 800 m « s~ ', the critical vertical speed increases from 1. 65 m * s~ ' to
3.00m * s ', the critical temperature increases from 673 K to 873 K, and the critical angle increa-
ses from 0. 079 ° to 0. 096 °. By reducing the vertical velocity and temperature of the slippers, it is

effective to avoid gouging wear. The research congtributes to theoretical understanding of the
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gouging wear mechanism in rocket sled tests, and offers insights for avoiding gouging wear and

improving the safety of the test.

Keywords: rocket sled; gouging wear; influence factors; critical conditions; finite element analysis

K AR R TR AL g e Ay i AT i ke
B BB RPOE R S RGN B R Gl
AN L TR .l i B T R G B AR A A Y
Bl besisfr il sis sl AR A ] D
AR B LA i R A A M E SRR R eI
T G -0 I R 2 () A A R T ) e Rl A
PUETRIZI TS EB S HiEdhisE
SE A PF I -0 B bR R A R L TR SR TP
BT AT AR B f T A B 2 B e BRR AR oK
it R B i AR

e R KR ARG
R T

3 ; €

|
1 kiRl &
Fig. 1 Rocket sled test equipment
U LU
T L
L L L A P R L R L

T
J ll]lllll'l]llll|l|l|llllll||!'1|v'

i

P2 I 5 e

Fig. 2 Corrosion pits of gouging wear
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Table 1 The Johnson-Cooks parameters for the slipper and rail

#1 # A/GPa B/GPa C n m
VascoMax 300 2.1  0.124 0.03 0.3737 0.80
AISI 1080 0.7 3.600 0.17 0.6000 0.25
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Table 2 The Johnson-Cook fracture constants for the slipper
and rail
R d d, d; d, d;
VascoMax 300 —0.09 0.27 0.48 0.014 3.87
AISI1080 0.70 0. 36 0.17 0.250 0.60
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Table 3 The Mie Gruneise parameters for the slipper and rail
uRsS
VascoMax 300

co/(kg*s™H) s I

4. 605 1. 456 1. 65

AISI 1080 steel 3. 980 1.580 1. 60
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Fig. 5 Gouging wear process
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along the path
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Table 4 Occurrence of gouging wear at different vertical
velocities
5 1 2 3 4 5 6
v,/(mes ') 1.50 1.75 2.00 2.25 2.50 3.00
Je 15 ¥ H ?r? & & & & &

Farp,o,=1.75m s ' H]E WL A 0 IR
FUE L HA Y 0, =175 m « s I ER A S &
Az 3 2 B R o R R 4 3 A R 8 0 Y R A

F& 5 AN [ IR 1] R T 0 B 4 & A I RN
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A 07 B0 TR S L B R e S T B 8
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Table 5 Start and end distance of gouging wear at different

vertical velocities

v, /(mes ) KA/ pm Z RS/ pm
2.00 54 264
2.25 46 278
2.50 48 230
3. 00 46 217

AN TR e i 3RS I DR AR A A 10 FR
it 5 15 1) L 360 K 1 ) PR L TR i TR




114

T I = ik

L R A D A i R R S e A% AT Y 115

5 [ S PR O RS I ) A 9 Y 35 ) o RS 4 R
e 55 At A T il AR DN R 52 1 R T B B 1) BT
Bz, v,=2.25m -+ s "BIBA AR, ZHEE
R B R A K P T R O AR E A
IG5,

40y /(m s

35F 1.75
—e—2.00

30F ——225

2.50
£ 25F —+—3.00

0 0.5 1.0 1.5 2.0 2.5 3.0
1/107's

Bl 10 U [ M ) 3T 6 ) R it 2k
Fig. 10 Gouging wear rate curve under different

vertical velocities

3.5 BRETHIEEIERNZME

1o N AR SR AR v, SR AR T D A Ol i B2 Ml
DX S 7L B RS b T MORE 2 BT K A Ak 5 T i )
JERELG N & AT RS T 4 4R I
il i B DA 5T T 2 T % ) B 5 R A 1 R, 4
B 6, KEWEI R T.>673 K, £ WEE K
T e % B A 1 K A A R

k6 REBETHABERLAERL

Table 6 Occurrence of gouging wear at different temperatures

45 1 2 3 4
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Table 7 Start and end distance of gouging wear at

different temperatures

T./K RIEHES/ pm L LB/ pm
673 54 264
873 50 300
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Fig. 11 Gouging wear rate curve at different temperatures
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Table 8 Critical conditions of gouging wear

o/(mes ') v/(mes ) T,/K Je /()
1200 1.65 673 0.079
1600 2.25 773 0. 081
1 800 3.00 873 0.096
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