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7 Over the last dozen of years, polymer metal hybrid (PMH) technologies have established themselves as
8 viable alternatives for use in light-weight automotive body-in-white bolt-on as well as load-bearing
9 (structural) components. Within the PMH technologies, sheet-metal stamped/formed and thermoplastic

10 injection molding subcomponents are integrated into a singular component/module. Due to attending
11 synergetic effects, the performance of the PMH component typically exceeds that attainable by an alter-
12 native single-material technologies. In the present work, a total life cycle (TLC) approach to the selection of
13 metallic and thermoplastic materials (as well as the selection of structural adhesives, where appropriate) is
14 considered. The TLC material selection approach considers the consequences and rami�cations of material
15 selection at each major stage of the vehicle manufacturing process chain (press shop, injection molding
16 shop, body shop, paint shop, and assembly), as well as relation to the vehicle performance, durability and
17 the end-of-the-life-of-the-vehicle considerations. The approach is next applied to the case of injection
18 overmolding technology to identify the optimal grade of short glass-�ber reinforced nylon when used in a
19 prototypical PMH load-bearing automotive body-in-white component.

20
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25 1. Introduction

26 Due to continuously rising environmental demands and
27 ever-tougher emissions standards, lightweight engineering for
28 the automobiles is steadily gaining in importance as a viable
29 technological avenue. As discussed in our recent work (Ref 1),
30 current efforts in the automotive lightweight engineering
31 involve at least �ve distinct approaches. These approaches
32 are summarized using a simple schematic in Fig. 1. A more
33 detail description of each of these approaches can be found in
34 Ref 1. Material lightweight engineering represented by the last
35 pillar in Fig. 1 is based on the use of materials with a high
36 speci�c stiffness and/or high speci�c strength such as high-
37 strength steels, aluminum alloys and polymer-matrix compos-
38 ites or a synergistic use of metallic and polymeric materials in a
39 hybrid architecture (referred to as polymer metal hybrids,
40 PMHs). The present work deals with the selection of materials
41 for the use in PMH automotive body-in-white (BIW) bolt-on
42 (nonstructural) and load-bearing (structural) components.

43In today�s automotive manufacturing practice, PMH
44structures are being increasingly used in variety of applications
45ranging from the instrument-panel cross beams via the
46roof-panel-cross-support to the entire front-end vehicle modules.
47The main idea behind the PMH technology is to use a system
48level approach to combine the structural and nonstructural
49functions of a number of components, into a singular fully
50optimized subassembly (typically consisting of a metal-stamping
51core and plastic injection-molded overcoat containing multiple
52ribs). This approach generally yields, due to its underlying
53material/structure system-integration approach, greater system-
54level bene�ts relative to those obtained by simple merging/
55joining of the proximate parts/components.
56The subject of the present work is total life cycle (TLC)
57selection for the materials used in PMH bolt-on (nonstructural)
58and load-bearing (structural) BIW automotive components. An
59example of a bolt-on component is depicted in Fig. 2(a)-(c).
60The component in question is generally referred to as the
61��front-end carrier�� and it is mechanically connected to the
62longitudinal beams at the front of the vehicle. In the ��all-
63metal�� design of this component, 12-15 individual stampings
64are produced separately and subsequently seam/spot welded.
65The PMH rendition of this component, on the other hand,
66involves three metal stampings with matching �ared-through
67holes which are injection overmolded into a singular ready-to-
68assemble component.
69An example of the PMH load-bearing automotive BIW
70component is displayed in Fig. 3. The part shown in Fig. 3 is
71generally referred to as the ��rear cross-roof beam�� and
72connects on the sides to the C-pillars while its �anges provide
73support for the roof panel and the rear window. Unlike the part
74displayed in Fig. 2(a)-(c) which is normally attached to the
75painted BIW, the part displayed in Fig. 3 is welded into
76the BIW structure in the body shop and, hence, is subjected to
77the pretreatment and E-coat deposition processes in the paint shop.
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78 Consequently, materials selection for the PMH load-bearing BIW
79 components is more demanding since it entails material�s com-
80 patibility with various pretreatment and painting processes.
81 The main PMH technologies currently being employed in
82 the automotive industry can be grouped into three major
83 categories: (a) injection overmolding technologies (Ref 2);
84 (b) metal-overmolding technologies combined with secondary
85 joining operations (Ref 3); and (c) adhesively bonded PMHs
86 (Ref 4). A detailed description for each of these groups of PMH
87 manufacturing technologies can be found in our recent work
88 (Ref 5, 6). Hence, only a brief overview of each is given below.
89 In the injection overmolding process, metal inserts with
90 matching �ared through-holes are stamped, placed in an
91 injection mold and overmolded with short glass �ber-reinforced
92 thermoplastics to create a cross-ribbed supporting structure.
93 The metal and plastics are joined by the rivets which are formed
94 by the polymer-melt penetrating through-holes in the metal
95 stamping(s). Such rivets then provide mechanical interlocks
96 between the plastics and the metal. In the metal overmolding
97 PMH technology, a steel stamping is placed in an injection
98 mold, where its underside is coated with a thin layer of
99 reinforced thermoplastics. In a secondary operation, the

100 plastics-coated surface of the metal insert is ultrasonically welded
101 to an injection molded glass-reinforced thermoplastic subcom-
102 ponent. In this process, a closed-section structure with contin-
103 uous bond lines is produced which offers a high load-bearing
104 capability. In the adhesively bonded PMH technology, glass
105 �ber-reinforced poly-propylene is joined to a metal stamping
106 using Dow�s proprietary low-energy surface adhesive (LESA).

107The acrylic-epoxy adhesive does not require pretreating of the
108low surface-energy poly-propylene and is applied by high-
109speed robots. Adhesive bonding creates continuous bond lines,
110minimizes stress concentrations and acts as a buffer which
111absorbs contact stresses between the metal and polymer
112subcomponents. Adhesively bonded PMHs enable the creation
113of closed-section structures which offer high load-bearing
114capabilities and the possibility for enhanced functionality of
115hybrid parts (e.g., direct mounting of air bags in instrument-
116panel beams or incorporation of air or water circulation inside
117door modules).
118In the present work, a new methodology is proposed for the
119PMH materials selection. The methodology is based on
120consideration of the TLC of the PMH component in question
121as well as the TLC of the vehicle. According to the discussion
122presented above, up to three classes of materials may be used in
123automotive PMH components: metals, thermoplastics, and
124structural adhesives (in the case of adhesively bonded PMH
125components). The TLC material selection approach proposed in
126the present work will address all the aforementioned classes of
127materials. The TLC material selection approach differs from the
128more conventional material selection approach (Ref 7) which
129primarily emphasizes material contribution to the component
130function and performance. The TLC approach, on the other
131hand, considers the potential consequences and rami�cations
132associated with the material selection to various stages of the
133vehicle manufacturing process chain, vehicle performance and
134durability (while in service), as well as the analysis of various
135end-of-the-life-of-the-vehicle (ELV) issues (e.g., disassembly,

Fig. 1 Five major approaches to lightweight automotive engineering
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