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Introduction
As optical designers and lighting suppliers consider the increased 
design and performance characteristics of SILASTIC™ Moldable 
Optical Silicone, two questions are routinely asked: 

•	 	To	achieve	a	high-quality	finish	on	the	molded	parts,	what	
type	of	optical-grade	surface	finish	is	required	for	the	tooling	
used to mold the silicone optics?  

•  Can this be achieved with an aluminum injection mold or is 
tool	steel	required	to	provide	parts	with	an	optical	finish?

Background
Two years ago, Dow, leader and global supplier of moldable 
optical silicone materials, and Proto Labs, a global leader in 
producing fast, custom prototypes and low-volume production 
parts1, began working together to determine if prototype optical 
parts could be made using Proto Labs automated quick-turnaround 
prototyping process. This process includes milling the injection 
molds from aluminum (see Figure 12). The material chosen for 
the molded parts was SILASTIC™ MS 1002 Moldable Silicone.

Whether adequate surface polish can be achieved in aluminum 
has been a frequently debated topic. Aluminum inserts have 
traditionally been perceived as inferior to tool steel in injection 
mold	construction.	This	is	primarily	because	it	is	more	difficult	
to maintain a high level of polish in aluminum — a much softer 
metal than tool steel. Aluminum is also more susceptible to 
overpolishing, which can result in deviation from critical target 
dimensions. Its softness also makes aluminum more susceptible 
than steel to mechanical damage.  

The goal of this study is to determine if an aluminum molding 
tool can produce parts with similar optical properties and 
performance as a steel molding tool. 

Figure 1:	Proto	Labs	aluminum	mold	with	a	high-gloss	SPI-A2	finish.3
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Discussion
The	10°	TIR	(total	internal	reflection)	lens	seen	in	Figure	2	was	
originally designed by LumenFlow Corp. for use with a Maglite  
XL-50	flashlight.	It	was	used	as	the	comparison	part	for	this	study.	

Figure 2: 10° TIR lens (left) used for this study with highly polished 
surfaces that are necessary for the TIR function. 10° TIR (right)  
mounted	in	flashlight	hood	(as	tested).	

The high polish seen in the part is ideal for comparing aluminum 
and steel tooling, as one of the concerns is the level of polish 
achievable on the mold surface. This high polish directly 
corresponds to the TIR function as illustrated in Figure 3.

Figure 3: Ray trace model of 10° TIR optic via OptisWorks.

For a TIR optic to function properly and with the highest 
efficiency,	the	part	must	be	highly	polished.	Imperfections,	
scratches,	voids	and	other	surface	finish	imperfections	can	 
lead to light escaping the lens system in an unwanted area.  
The geometry of the optic must also be precisely maintained.  
For this comparison, aluminum and steel mold tools were 

The diameters of each optic were measured with a micrometer 
and gauge block and height was measured with calipers. 
Measurement methods are shown in Figure 5 and results are 
listed in Table 1. 
Figure 5: TIR measurement methods; micrometer head with gauge 
block (left) and simple caliper (right). 

Part Diameter (mm) Height (mm)

DC1 24.16 25.01

DC2 24.16 25.03

DC3 24.18 24.95

DC average 24.16 25.00

PL1 24.13 24.75

PL2 24.13 24.85

PL3 24.16 24.84

PL average 24.14 24.81

Table 1: Dimension check of TIR lenses from both Dow (DC) and Proto 
Labs (PL). Note that three samples from each mold type were measured 
and averaged. 

Figure 4: TIR optic from steel tool, produced by Dow (left), and TIR 
optic from aluminum tool, produced by Proto Labs (right).

designed to create a part with the same dimensions and level  
of polish. Proto Labs polished the aluminum mold to an SPI-A2 
finish,	the	best	possible	in	aluminum,	while	the	steel	mold	was	
polished	to	an	SPI-A1	finish.	Visually,	the	parts	look	nearly	
identical, as seen in Figure 4.



3

Figure 6: 3D CAD model: modeled part dimensions.4

The	percent	difference	between	as-molded	parts	and	theoretical	
design is < 1% in regard to the diameter and < 0.9% in 
regard to height.5 Factors that can contribute to dimensional 
differences	include:	

•   Molding conditions: time, temperature and pressure
•	 	Actual	versus	theoretical	differences	in	shrinkage	rates	 

of the part and mold
•  Inaccuracies in mold construction and polishing

Optical testing
Luminous	flux	from	the	exit	face	of	the	TIR	optic	was	measured	
to determine how much of the input light was lost as stray light 
prior	to	the	exit	surface.	The	luminous	flux	of	the	six	samples	
was measured using a 20-in. LabSphere HalfMoon integrating 
sphere	with	a	LabSphere	CDS-1100	Spectrometer.	A	modified	
MagLite XL-50 connected to a controlled power supply was 
used as the common light source for each lens. Figure 7 
illustrates the setup used. Table 2 gives a comparison of the total 
luminous	flux	measured	from	the	exit	surfaces	of	the	samples.

Figure 7:	Test	set-up	used	for	luminous	flux	measurements.	 
The spectrometer is not pictured.

The averages of the Dow and Proto Labs samples show a 
difference	of	less	than	one	percent.6

To more fully understand details of the emitted light besides 
luminous	flux,	the	beam	angle	and	light	output	geometry	were	
measured.	A	Radiant	Vision	Systems	Goniophotometer	System,	
as shown in Figure 8, was used to measure light output from 
the TIR lenses.

Table 2:	Luminous	flux	measurements	of	TIR	lenses	from	both	Dow		
(DC) and Proto Labs (PL) using a common light source for all samples. 
Three samples from each mold type were measured and an average 
was taken from those three measurements.

Part Luminous flux (lumens)

DC1 108.7

DC2 106.7

DC3 104.9

DC average 106.8

PL1 106.3

PL2 104.9

PL3 106.4

PL average 105.9

Figure 8:	Radiant	Vision	Systems	Goniophotometer	System.	Goniometer	
frame (left) with common MagLite XL-50 source mounted with test lens in 
place. Test view showing full system with photometer (right).

Low-resolution comparison scans of the three lenses from 
Dow and the three lenses from Proto Labs were run. These 
low-resolution scans were run with 5° measurement intervals. 
Comparison of the data from these scans showed very little 
difference	between	the	parts	produced	from	each	mold	tool	type.		

Since each of the three plots for each tool type looked 
similar, a single lens from each tool type was submitted for 
high resolution scanning. High-resolution scans using a 1° 
measurement interval are shown in Figures 9 and 10.

Figure 9:	High-resolution	3D	plots	of	beam	angles	for	two	different	TIR	
lenses from both Dow (DC) and Proto Labs (PL) using a common light 
source	for	both	samples.	Note	the	slight	difference	in	the	shape	of	the	
white portion (scan output) of the diagram.
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The	increased	resolution	plots	show	slight	differences	between	
the	parts	made	from	different	mold	materials.	The	parts	produced	
in an aluminum tool (PL1) show a slightly wider distribution than 
the	parts	produced	in	steel	(DC1).	As	noted	earlier,	mold	finish	and	
geometry	are	contributing	factors	to	the	difference	in	function	of	
the	TIR	lenses.	The	difference	in	performance	could	be	attributed	
to	the	difference	in	polish	on	the	surface	of	the	tools.	Furthermore,	
since aluminum is softer than steel, the mold may have been 
more susceptible to “overpolishing” in which the critical geometry 
of the TIR lens surface may have been slightly altered. 
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Figure 10:	High	resolution	2D	plots	of	beam	angles	for	two	different	TIR	
lenses from both Dow (DC) and Proto Labs (PL) using a common light 
source	for	both	samples.	The	horizontal	axis	is	the	beam	angle	and	the	
vertical	axis	is	the	luminous	output	in	candela.

Conclusion
This paper summarizes the testing process and data collected 
to compare the optical quality of SILASTIC™ moldable optical 
silicone parts made in an aluminum mold and a steel mold. 

The testing results show that, for most prototype applications, 
SILASTIC™ moldable optical silicone part prototypes molded in 
an aluminum tool may be an acceptable representation of future 
production parts molded in a steel tool. 

Similarity comparison was measured from both dimensional and 
performance	perspectives.	Although	there	were	slight	differences,	
it	is	expected	that	these	would	be	within	the	application’s	
acceptable tolerance. 
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