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ABSTRACT INTRODUCTION 

A study was presented at the 1994 SPI Conference 
by Grelle, Kallman, and Tallmadge which reviewed 
rib structures for three different plastics injection 
molding processes using ignition resistant 
acrylonitrile butadiene styrene (ABS) resin 

Properties, such as load at yield, strength to 
weight ratio, and cost per performance value were 
discussed. With the growth of gas injection 
molding in many markets, such as automotive, 
television, and computer and business equipment, 
more data is needed in comparing gas injection 
molded parts to solid and foam. 

A project has been undertaken to further evaluate 
rib structures with three different plastics molding 
processes using ignition resistant polystyrene and 
high impact polystyrene, currently used in value 
engineering. Properties such as load at yield, 
strength to weight ratio, and cost per performance 
will be examined Also, the effect of thermal 
properties, such as heat sag, with each process will 
be investigated. 

Data from this study will provide the design 
engineer with information on selecting the most 
economical process and material selection for 
making structural parts. 

Ribs in plastic parts have been used for many years 
in order to improve structural integrity and rigidity 
in structural components. The design freedom 
provided by ribs has allowed plastics to be used in 
many metal replacement applications. Depending on 
the plastics process selection, rib freedom can vary. 
For example, design freedom is limited in solid 
injection molding in comparison to structural foam 
molding due to the formation of sink marks in 
thicker sections of solid injection molded parts. In 
comparing structural foam to gas injection molded 
parts, design freedom for structural foam is limited 
since a solid wall is used in comparison to a 
hollowed out wall found in gas injection molded 
parts Due to this increased design flexibility, gas 
injection has now become a process which has 
gained acceptance in the manufacture of large parts 
for applications in automotive, medical, television, 
and business equipment markets 

In some of these markets, such as television and 
business machines, value engineering has become 
very important in order to reduce part costs and 
improve profitability. This has provided another 
challenge to part designers in this area. 
Polycarbonates (PC) and polycarbonate blends are 
being replaced by materials such as ignition 
resistant polystyrene, due the lower costs of 
polystyrene materials. In addition to this, increased 
product development efforts in polystyrene have 
created more avenues of value engineering for 
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designers. Ultra high impact polystyrenes are now 
replacing acrylonitrile butadiene styrene (ABS) 
since these polystyrene resins have comparable 
impact properties to ABS, but at a lower cost 
Also, high flow ignition resistant polystyrenes have 
been developed to meet the flow requirements 
needed in applications such as big screen 
televisions. Regulations in Europe to eliminate the 
use of polybrominated di-phenyl ethers (PBDPE) 
have launched the development of ignition resistant 
polystyrenes which do not contain PBDPE With 
the development of all these polystyrene products 
and the demands placed on design engineers to 
value engineer, data needs to developed for 
designing with these materials in a number of 
processes available. Currently, no such information 
is available. 

This study is a continuation of a study first 
presented in 1994 by Grelle, Kallman, and 
Tallmadge. This study evaluates several different 
rib structures used in the manufacture of large 
parts. Ribs are produced by using three injection 
molding processes, solid injection, structural foam, 
and gas injection, and four different types of impact 
polystyrene. Peak load to failure, load at yield, 
strength to weight ratio, and load per cost ratio are 
examined. 

materials was dry-blended with 1.5% foaming agent 
concentrate to achieve a density reduction of 10% 
+/- 2%. 

2. Iniection Molding Equipment 

Samples were produced on a 700 ton injection 
molding machine with a 70 ounce shot capacity. An 
externally heated shut-off nozzle replaced the 
standard machine nozzle and prevented nitrogen 
from entering the barrel during the gas assist 
process trial. 

The gas assist unit was a two-channel kit based on 
constant volume control technology. One channel 
was used, which connected to a coil-heated, pin- 
style gas injection nozzle installed into the moving 
half of the mold in the line of draw. 

3 Mold Design 

A four-cavity mold insert was used to produce 
plaques with overall dimensions of 51 mm.( 2.0 in.) 
by 190 mm.( 7.5 in.) with a nominal wall thickness 
of 2.5 mm ( .098 in.). One of four different rib 
designs were incorporated lengthwise down the 
centerline of each plaque. These rib designs 
included; 

A study on comparing heat sag for all three 
processes is also performed. From this study, a 
guide to the part designer is established for process 
selection, rib design, and material selection for 
performing value engineering in plastic part design. 

EXPERIMENTAL PROCEDURE 

1. Materials 

The materials used in this study were ignition 
resistant (IR) grades of high impact 
polystyrene(HIPS), acrylonitrile-butadiene-styrene 
(ABS), and a blend of polycarbonate/ABS. For 
structural foam formulations, each of these 

1. A tall rib 
2. A shorter rib of similar design 
3. A box shaped rib 
4 A double rib 

The rib dimensions ranged from a height of 35 mm 
(1.38 in.) for the tall rib to 6.5 mm ( .255 in.) for 
the double rib. Width ranged from 10 mm ( .390 
in ) for the double rib to 8 mm ( .314 in.) for the 
base of the tall rib. Mold filling analysis was used to 
design the runner system to achieve artificially 
balanced fill, which was a critical condition for 
obtaining maximum gas coring. The gas injection 
nozzle was located in the main runner of the insert, 
in line of part ejection and about 76 mm ( 3.0 in.) 
downstream of the sprue. The area in which the gas 
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nozzle entered the runner was fixed behind a 
separate plate in the insert This allowed for access 
to the gas nozzle tip without having to remove the 
mold from the machine. 

4. Process Parameters 

The parameters established for each process 
represented the midrange of melt and mold 
temperatures for each material. Injection rate and 
pack/hold pressures for the solid samples were set 
to provide maximum packing without creating a 
flash condition. Structural foam samples were 
molded under a short shot condition on the first 
stage, after which the foaming action completed 
filling and packing the cavity, achieving a density 
reduction compared to solid parts of 10% +/- 2% 

In the gas assist process, short shot conditions (90- 
95% first stage fill) were used, with the gas 
injection phase taking the place of the conventional 
second stage pack and hold. Because of the 
location of the gas injection nozzle and the design 
of the runner system, the delay time for injecting 
gas was unusually short, gas injection was actually 
initiated after approximately 70% of the plastic shot 
had been injected. Charge pressures for effective 
coring averaged about 3.5 mPa for IR PC/ABS, 2 4 
mPa for IR ABS, and 2.1 mPa for IR HIPS 

5. Mechanical Property Testine 

Flexura| tests were carried out to determine the 
peak load to failure of each combination of 
material, process, and rib design. For the box and 
double rib, testing was conducted with conventional 
fixtures on a five -station universal testing machine. 
For the tall and short ribs, a special fixture was 
fabricated which made use of a slotted design into 
which the rib sections were inserted. This design 
allowed the plaques to deflect along the axis of the 
rib, but prevented any deflection due to lateral loads 
which may have biased the results. 

The peak load to failure (PLF) data reported 
represents true loads recorded by the testing 
machine. Since they are not stress values, the cross 
sectional properties of area and moment of inertia 
(I) are not taken into account in this paper 

The strength -to-weight ratio (SWR) reported 
represents the average peak load at failure divided 
by the average weight for each 
material/process/design combination This property 
takes into consideration three factors; the specific 
gravity of the material, the degree of foaming 
achieved in the structural foam parts, and the 
degree of coring achieved in the gas assist parts. 

Heat sag testing was conducted by mounting each 
sample on a fixture that subjected the plaques to 
cantilever loading and allowed them to deflect 
under their own weight when subjected to elevated 
temperatures. As with the flexural tests, the plaques 
were tested with the rib side down. Heat sag 
testing, to date, has only been carried out on the IR 
PC/ABS and IR HIPS samples. The temperature 
range for the IR PC/ABS was 96 C to 107 C, and 
for IR HIPS, the range was 85 C to 96 C. The data 
reported represents the delta in sag performance 
between the two temperatures indicated for each 
resin. 

The load to cost ratio (LCR) is an attempt to 
quantify the value of each sample's structural 
integrity in terms of load capacity per unit dollar. 
The price of each resin (per the listings in the 
January, 1996 issue of Plastics News) is multiplied 
by the part weight to yield a price per part based 
strictly on resin cost. The following ratio is applied; 

LCR = Peak Load (in Flexure)/Price per Part (1) 

For this report, load to cost ratios are reported only 
on solid and gas samples, since they reflect the two 
extremes of part weight, and because the resin cost 
issue becomes more variable with the structural 
foam parts given the wide variety of foaming agents 
available. 
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DISCUSSION 

Figures 1-16 show data for polystyrene materials 
tested. The materials used in these figures are 
designated as follows; 

HIPS-A 
HIPS-B 
IR HIPS-A 

IR HIPS-B 

High Impact Polystyrene 
Ultra High Impact Polystyrene 
Ignition Resistant Polystyrene (with 
PBDPE Additive) 
Ignition Resistant Polystyrene (with 
non-PBDPE Additive) 

A. Heat Sa2 
Figures 1-4 illustrate the effect of heat sag versus 
material, rib design, and process selection 

In examining the data for heat sag, the tall rib 
design showed the best resistance to heat sag of all 
the designs tested with the exception of the double 
rib made from HIPS-A. The higher mass of the tall 
rib provides this higher heat sag resistance 

It is also found that the injection molding process 
has a random effect on heat sag data. In the short 
rib design, the solid injection molding process 
shows the highest heat sag resistance. In all other 
rib designs, the heat sag resistance varies with 
material and process. 

It is concluded from this analysis that rib design for 
polystyrene shows the greatest effect on heat sag in 
comparison to the other parameters tested. 

B. Peak Load to Failure 

Figures 5-8 show data for peak load to failure 
versus material for all three processes tested. 
In comparing the different polystyrenes tested, it is 
found that the IRHIPS-A material showed the 
highest peak load to failure, followed by the IR 
HIPS-B material. Both the HIPS-A and HIPS-B 
showed lower values. In this case, the ignition 

resistant additive acts as a reinforcement to the 
polystyrene in improving the peak load to failure. 

It is also found that in the tall rib design, crack 
propagation due to load is more severe in 
comparison to the box rib since the load in the tall 
rib is more concentrated, and the load is more 
distributed in the box rib. 

Solid injection molded samples had the highest peak 
load at failure of all the processes tested In the gas 
injection molded samples, the loss of the moment of 
inertia, or I value, due to coring out of the ribs 
reduces the load carrying capability of the rib 

C. Strength to Weight Ratio': 

Figures 9-12 show strength to weight in relation to 
material, rib design, and process type. 

In all processes, HIPS-A gave the highest strength 
to weight ratio due to its lower density in 
comparison to the other polystyrenes tested 

Only marginal increases are found with samples 
made with the solid injection molding process. In 
several cases, gas injection molded parts gave high 
strength to weight ratios. 

Differences in rib designs in relation to strength to 
weight ratio flatten out when higher percentages of 
material in the rib are removed, as found in the gas 
injection double and box ribs. In rib designs where 
less material is removed, as found in gas injection 
tall rib designs, differences are found between 
process type and strength to weight ratio 

D Load to Cost Ratio 

Figures 13-16 show examples of load to cost ratio 
in relationship to material, process, and rib design. 

In looking at the effect of process on load to cost 
ratio, results vary with rib design. Only in the tall 
and box rib design, solid injection molded parts 
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gave the greatest load value across all samples. In 
the short rib design, structural foam gave the 
highest load value in most cases, and in the double 
rib design, solid injection molded gave the highest 
load to cost ratio in 3 of 4 materials tested. 

The biggest effect on load to cost ratio found was 
in material. In all cases, the HIPS-A material gave 
the best load to cost, and best value from a load 
bearing perspective, due to its lower cost. 

CONCLUSIONS 

Based on the data presented in this paper, the 
following conclusions can be made, 

1. Rib design has the biggest influence on heat sag 
of all the parameters tested. In evaluating 
performance of polystyrene rib performance, taller 
ribs, due to their higher mass, have the highest 
resistance to heat sag in comparison to the other 
three designs tested. Process type has little effect 
on the deflection of a rib design when exposed to 
load at elevated temperatures. 

2. Ignition resistant high impact polystyrene has 
higher load bearing capabilities under flexural loads 
in comparison to standard high impact polystyrene 
since the ignition resistant additive acts as a 
reinforcement to the polystyrene Also, solid 
injection molded parts have higher load bearing 
capabilities than both structural foam or gas 
injection molded parts. In the case of structural 
foam, micro voids due to foaming create a 
reduction in load bearing capabilities. In gas 
injection molded parts, the lower I-value, or 
moment of inertia, due to coring reduces peak load 
at failure. 

3. Strength to weight ratio is primarily affected by 
resin density for polystyrene since the lower the 
density, the higher the strength to weight ratio. 
Solid injection molded ribs show only marginal 
increases over ribs made using structural foam and 
gas injection. Also, differences between rib designs 

for strength to weight ratio flattens out as the 
percentage of material removed out of the rib is 
increased, as found in the double and box rib. 

4 Standard high impact polystyrene, due to its 
lower cost, offers the best value in comparing load 
to resin cost. Depending on rib design, solid 
injection molded ribs give the highest value in load 
to resin cost in all materials tested. 
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Figure 1: Heat Sag Performance of HIPS and IR HIPS grades - Tall Ribs 
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Figure 2: Heat Sag Performance of HIPS and IR HIPS grades - Short Ribs 
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Figure 3: Heat Sag Performance of HIPS and IR HIPS grades - Box Kibs 
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Figure 4: Heat Sag Performance of HIPS and IR HIPS grades - Double Ribs 
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Figure 5: Peak Load at Failure - HIPS and IR HIPS grades - Tall Ribs 
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Figure 6: Peak Load at Failure - HIPS and IR HIPS grades - Short Ribs 
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Figure 7: Peak Load at Fadure - HIPS and IR HIPS grades - Box Ribs 
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Figure 8: Peak Load at Failure - HIPS and IR HIPS grades - Double Ribs 
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Figure 9: Strength to Weight Ratto- HIPS and IR HIPS grades - Tall Ribs 
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Figure I0: Strength to Weight Ratio - HIPS and IR HIPS grades - Short Ribs 
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Figure I 1: Strength to Weight Ratio - HIPS and IR HIPS grades - Box Ribs 
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Figure 12: Strength to Weight Ratio - HIPS and IR HIPS grades - Double Ribs 
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Figure 13: Load to Cost Ratio - HIPS and IR HIPS grades - Tall Ribs 
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Figure 14: Load to Cost Ratio - HIPS and IR HIPS grades - Short  Ribs 
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Figure 15: Load to Cost Ratio - HIPS and iR HIPS grades - Box Ribs 
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Figure 16: Load to Cost Ratio -HIPS and IR HIPS grades - Double Ribs 
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