i —AN0is T AR R 22 1 TR I J2 L i A A

ERiE B g B
(BRI AHlE R, B 200245)

R Y

X i ARGATRT —A4EAE @/ TP A R M B (PMI) 80K kB 45 MRIR T 48 3k R 69 45 Mt
KGR H R B AEMER Z A SRR B T AR AR AT ER R R AL SR A, R AR 0.54
MPa &% 47 B b 48 & 5 0.40 MPa, .48 /& /1 0.47 MPa, 3t @R R 4040 R K48 B g & RIS T 17°C, #F
H g kR RAEB IR KIEE (4 2100) B LT EHEZBAFOERAER, AXRBH—KRER
KAT R R B Z T HARL,

KEEIWR  BEKAT, R EER,PMI K, 2L

T+ & 4 %5 . V461 DOI:10.3969/j.issn.1007-2330.2016.04.017

Development of Large Temperature Difference Foam Sandwich Co-Bulkhead of
Cryogenic Tank for New-Generation Launch Vehicle

LI Zhaogian NAN Bohua HE Tengfeng CUI Fan

(Shanghai Aerospace Equipments Manufacture, Shanghai 200245)

MAO Huiming

Abstract As an ideal layout scheme for launch vehicle, co-bulkhead tank can improve the slenderness ratio of
launch vehicle, reduce structure weight and increase structure efficiency and carrying capacity of launch vehicle. This
paper systematically studied the structure design, key manufacturing technology and structural property of the alumi-
num alloy panel/polymethacrylimide (PMI) foam-sandwiched cryogenic tank co-bulkhead, which successfully passed
the air-tight test, the low-temperature pressure test and the thermal insulation test. The single-bottom inner pressure
was 0.54 MPa, and the low-temperature pressure in coal oil tank and liquid oxygen tank were 0.40 MPa and 0.47
MPa respectively. The co-bulkhead was not wrinkling or collapse after the tests, and the temperature of the coal oil
was higher than 17°C . The sandwiched co-bulkhead meets the using requirements of large temperature difference, light
weight and no vacuum pumping for thermal insulation before launching, laying technological foundation for successful
development of the new-generation launch vehicles.
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Fig.1 Sandwich co-bulkhead structure diagram
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Tab.1 LD10-CS aluminum alloy property parameters
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2.84 483 414 13 73.1 0.33 28.0 20.8 0.880 154

1.2.2 TR
e oA R FH S8 FE R DR M I IV e ( PMID) YA, J

70 ROHACELL 110WF, HMRESH SR 2 Fiw,

®2 PMILARMEIERESH

Tab.2 Foam property parameters
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Tab.3 Friction stir welding technological parameters
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Fig.2 CNC cantilever friction-stir welding equipment and sandwich co-bulkhead welding fixture
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Fig.3 Physical object of friction-stir welding thin-wall panel
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Fig.4 Processing model and actual error distribution
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Fig.5 Processing model zone chart
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Fig.6  PMI foam sandwich bonding profile five-axis linkage CNC contouring manufacture
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Fig.9 Sandwich co-bulkhead VARI technology assembly fixture
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Fig.10  Physical object of sandwich co-bulkhead
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Tab.5 Sandwich structure property data
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