D prEEIVE 14

SPACECRAFT ENVIRONMENT ENGINEERING
« REIREEOHTI

A ELAE R T S A M R L5
FARAG X ZIRSR KA 2R ARED

Low-velocity impact damage characteristics and simulation model of thermal insulation tiles
SONG Junbai, LIU Zhenhao, WU Zhengiang, LIU Wugang, WANG Long, XING Ruisi

TELR R BE View online: https://doi.org/10.12126/see.2024068

BT BRI HAB S EE

Articles you may be interested in

BRIE A8 () 5 g B e e 5 7 B SR

Experimental and simulation study of the damage characteristics of spherical balloon under hypervelocity impact

PR AR TRE. 2022, 39(1): 18-25  hitps://doi.org/10.12126/see.2022.01.003
BRE S AL S A HE o AR P 7 - = RUMRAREE (5 2270 Br

Simulation analysis of the characteristics of debris cloud and perforation caused by oblique hypervelocity impact of spherical

projectile on a thin plate

Fi R 2SFREE TR, 2021, 38(6): 615624 hitps://doi.org/10.12126/see.2021.06.002
(B A3 (AR 530 AL e v T o VAR PR e s REE 1 LA

Simulation analysis of debris cloud characteristics of cylindrical projectile impacting thin plate obliquely at hypervelocity

FL R IR B T2, 2022, 39(6): 575-582  https://doi.org/10.12126/see.2022065
7 e AL o VAR P BSOS AL SR ek B S AT

Analysis of fragmentation initiation threshold velocity for hypervelocity impacting of spherical projectiles on thin walls
MR AR IS TR 2024, 41(4): 459-467 https://doi.org/10.12126/see.2023168

MMODf# i KA KU AL R EEHY K S5 IR 7R

Development of risk assessment system for spacecraft under MMOD impact and the enlightenment

MR 28308 TR, 2020, 37(6): 531-539  https://doi.org/10.12126/see.2020.06.001
23 (B VT8 AR I MR B Fe B 4P 25 A e e 1138 0 i 5 S g E oY

Impact limit calculation and experimental study of a novel preventive filled structure used in space flexible inflatable sealed cabin

il R FEFR 5 TR, 2020, 37(2): 125130 https://doi.org/10.12126/see.2020.02.004


https://www.seejournal.cn/article/doi/10.12126/see.2024068
https://www.seejournal.cn/article/doi/10.12126/see.2022.01.003
https://www.seejournal.cn/article/doi/10.12126/see.2021.06.002
https://www.seejournal.cn/article/doi/10.12126/see.2022065
https://www.seejournal.cn/article/doi/10.12126/see.2023168
https://www.seejournal.cn/article/doi/10.12126/see.2020.06.001
https://www.seejournal.cn/article/doi/10.12126/see.2020.02.004

%42 BH 1 ML R #% 3 ¥ T & Vol. 42, No. 1

2025 4E 2 H SPACECRAFT ENVIRONMENT ENGINEERING 39
https://www.seejournal.cn E-mail: htqhjgc@126.com Tel: (010)68116407, 68116408, 68116544

o

RARAHREETRGEERGEW

RAAE, MR, KR, KR, £ A, FEE
CIERCREMIEHT TR W SEE 535 TR A0 =, Jbat 100076)

BE: BARLLATEAMA KATBAGFEMAEZERIS, EEKERERE TR W, LF4
J TR LR S B RS A B X — A A M, RIS AT R AR (A2 50 mm) fKik
(<10m/s) HHTF MG, RELERRY, BARAKHAZIREE, RASZHEEREYA—L
ZH165mm. FEAH 1.79mm 4 EH W3, AMRE 2R RBOINIE L. THFRG., MeEs
4 FLAL 148 5 A PR LA A AR SEARIE RKIe 4 Rt Lt ATI5 B, STty A4 R 5 R4 R BRI
BFR A B EPLE R IR AR iR £ 12% AW . BHFRERTATE LA ATRA P4
Mot wlEfe g R A,

KR TEAMA TS, BARK, Kiigd, BH5AKE, BHHE

hESHEE: V47503134 XHRFRERD: A MERHRS: 1673-1379(2025)01-0039-07

DOI: 10.12126/see.2024068

Low-velocity impact damage characteristics and simulation model of
thermal insulation tiles

SONG Junbai, LIU Zhenhao, WU Zhengiang, LIU Wugang, WANG Long, XING Ruisi
(Science and Technology on Reliability and Environmental Engineering Laboratory,

Beijing Institute of Structure and Environment Engineering, Beijing 100076, China)

Abstract: Thermal insulation tiles are a critical component of reusable launch vehicle's heat protection
system. However, they are susceptible to damage from low-velocity impacts. The damage effects of low-velocity
impact on the structure composed of thermal insulation tiles, strain isolation pads, and cold structural metal plates
through drop ball (50 mm in diameter) impact tests were investigated in this study. The results show that upon
low-velocity impact, the thermal insulation tiles formed circular craters with a diameter of approximately 16.5 mm
and a depth of approximately 1.8 mm. No cracks, deformations, or other damages were observed outside the
impacted area. Following the experimental investigations, a finite element simulation model of the thermal
insulation tile assembly’s impact response was developed and adjusted based on the experimental data.
Comparison of the simulation results with the experimental results shows that the simulation errors in the
diameter and depth of the impact crater and the diameter of the coating delamination area around the crater are all
within 12%. The research may serve as a reference for the design, manufacturing, and maintenance of thermal
protection structures for reusable launch vehicles.

Keywords: reusable launch vehicle; thermal insulation tiles; low-velocity impact; impact experiment;
impact simulation
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Fig. 1 Structure of the thermal insulation tile assembly
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Fig. 3 Schematic of the drop ball impact testing system
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