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Service life and usage phase are central parameters in life cycle assessment (LCA), but numerical values are often based

only on empirical values or (qualified) estimates. This paper presents a simulation-based co-design of reliability and

environmental sustainability for a dynamically loaded PA6-GF30 bracket, comparing additive manufacturing (AM) and

CNC machining under an equal-function constraint. The verification path comprises (i) beam-theory pre-sizing, (ii) a

strength verification assessment per VDI 2016 with method B, (iii) CAD embodiment, and (iv) finite-element analysis in

ANSYS. AM material behavior is treated as anisotropic, the properties are partitioned along and orthogonal to the build

direction, and fatigue characteristics are based on the shifted Wöhler curves. Environmental sustainability assessment

follows an established life cycle assessment approach with a focus on climate change, expressed by global warming

potential GWP [kg CO2eq]. The life cycle is assessed from cradle-to-grave.

A baseline AM design requires increased section height and width of the tines to satisfy fatigue, resulting in higher mass

and much higher GWP than CNC. Considering the brackets anisotropic behavior and the dynamic loads we then apply AM

lightweight measures – reduced infill and shape optimization in low-demand regions – yielding an optimized AM design

while maintaining the lifetime of the part. The study demonstrates that treating reliability and life cycle assessment jointly

alters the preferred manufacturing route: AM is inferior when sized for reliability alone, but becomes superior when

design freedoms are exploited under the same reliability target.

The key contribution is a reproducible, implementation-ready workflow for integrated reliability-environmental

sustainability decision-making: a consistent verification chain, explicit functional equivalence, and a quantitative head-to-

head AM-vs-CNC GWP-assessment that flips sign only after co-optimization of reliability and environmental sustainability.

The results motivate treating reliability and environmental sustainability impacts as co-drivers in early design rather than

as sequential, decoupled checks.
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