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Abstract: 

DFMA-Design for Manufacturing and Assembly was employed by IAl and NMF Canada 
Ltd. to reduce total costs for the Galaxy aircraft program. Reduction of part count, 
elimination of costly joints, reduced assembly time and improve'd performance are all 
advantages of large monolithic structures replacing smaller multi-piece assemblies in the 
aerospace industry. Wing designers are no exception, seeking to design lightweight and 
stiff structures composed of fewer parts to manufacture, track and assemble. While 
materials strength, aluminum alloy plate size and machining technology have advanced 
steadily over the years, the ability to form increasingly complex curvature wing skins has 
traditionally limited many designs to multi-piece assemblies. By combining advanced shot 
peen forming with mechanical pre-stressing and warm forming techniques, NMF has 
developed a system to meet the technological requirements for modern aircraft wing 
design. 
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Winq Desiqn: 

Israel Aircraft lndustries designed the 
Galaxy midsize business jet to fulfill a 
particular market segment, requiring a 
wide body with a continental range for 
eight passengers and intercontinental for 
a Paris to New York non stop access for 
four. First in it's class, the Galaxy builds 
upon the design success and outboard 
wing commonality with the smaller Astra 
business jet. Certified in late 1998, speed 
to market was a key advantage for IAl in 
winning it's market share. 

Fig. I : I.A.I. Galaxy business jet 
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Wing design is a complex task composed of finding an optimum combination of span, area, 
sweep and twist to minimize structural weight and drag, later optimized by analysis to 
obtain desirable lift distribution and effect on taper and thickness parameters. Supercritical 
wings used in modern designs employ high wing sweeps for it's desirable effect on 
transonic wave drag. Even though an aircraft may be flying at subsonic speeds, portions 
of the wing may reach supersonic speeds and increased drag. 

The swept supercritical wing is designed to delay the point at which it reaches supersonic 
speeds thus delaying increased drag. More aerodynamically efficient, modern wings place 
increased stresses on materials and the requirement for stiffer monolithic designs. Joints 
add flexibility and weight to a structure, and are a potential source of crack initiation and 
failure. Reduction of joints through use of larger monolithic structures is a primary strategic 
goal for cost and performance improvements. 

Fig. 2: Static testing of the Galaxy wing 
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Fig. 4: Static testing certification of the Galaxy wing design 

The smaller Astra aircraft was designed with thin, swept, supercritical wings to optimize 
performance. The upper wing skin flying with high compressive forces was originally 
designed from aluminum Al 7075 integrally stiffened skins. The wing was assembled from 
three peen formed wing skins for manufacturing ease. Stiffening stringers running the 
length of the panels were blended out at the dihedral break existing at rib 6, in order to 
facilitate wing skin forming constraints. The lower wing was designed using aluminum Al 
7475 for it's excellent fatigue resistance in tension and fracture toughness properties. 

When IAl approached the new Galaxy project, the concept called for a larger and wider 
body aircraft with the existing wing being utilized as much as possible. The loads on the 
wing increased considerably. In order to keep design costs to a minimum, the upper wing 
skin was upgraded to aluminum Al 71 50-T7751, which gave a 25% increase in strength. 
An additional increase in strength was achieved by forming the dihedral break located at 
rib 6 with continuous stringers along the entire span. Most of the outer mold line (OML) of 
the wing from rib 2 outboard was kept the same as the Astra wing. From rib 2 inboard, the 
wing and CTS (carry through structure) were redesigned and enlarged. 

I Rib 6 area I 

Fig. 5: Three piece Fig. 6: New one- 4-1 
wing skin piece skin lnboar 
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