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eye on design: CAd/CAM

The repair of large commercial propellers is more than 
beating a blade back into shape. It requires reference 
geometry as the target objective for the repair, as well 

as way to document the inspection and compliance for the 
repair. In some cases, existing drawings are available. Other 
times, the geometric features must be extracted from the pro-
peller itself. Virginia-based company Argonaut Enterprises VB 
LLC focuses on the documentation, repair, and manufacture 

of marine propellers. They can design and deliver propellers 
from as small as 24 inches (0.6 m) to as large as 26 feet (7.9 
m) diameter, and many of these projects are for the repair or 
replacement of existing propellers.

Replacement Propellers
“It is not uncommon that a customer requires a replacement 

for a propeller based on a drawing which could be 30+ years 

donAld MACPherson 

Geometry for Propeller Replacement
& Repair with HydroComp PropCad 

Figure 1: The main interface of HydroComp PropCad 2016.
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old”, comments Darryl Doerr, Managing Director of Argonaut. 
“A few years ago we had a propeller project based on such 
a drawing. During that time we did not know that there were 
design errors in the drawing that dramatically influenced the 
final result. It is unfortunate that it takes a failure to identify a 
problem, but often that is exactly what happens. It became clear 
to me that we needed a solution that would be efficient and 
effective to analyze a propeller design and identify possible de-
sign-related issues. That solution was HydroComp’s PropCad 
software.” HydroComp’s PropCad is industry-standard soft-
ware dedicated to the geometric modeling of marine propellers. 
PropCad provides automatic preparation of CAD/CAM data, 
2D design drawings, 3D offsets, and thickness classification re-
ports. The latest additions to HydroComp’s PropCad software 
supplement the typical propeller design tasks with support for 
manufacture and inspection.

Feature Extraction for Propeller Repair
Argonaut is using the advanced manufacturing features in 

PropCad Premium to repair propellers. Mr. Doerr explains, “In 
repair, propellers come to the facility often with no drawing 
or design data. To repair a propeller to Class or to ISO-484 
requirements, design values are needed. Without a drawing, 
we must fully inspect each propeller to extract key design data 
to determine design intent and create a repair drawing before 
repairs can be made. PropCad is instrumental in nearly every 
project to reproduce a design model and repair drawing.”

PropCad can interpret existing propellers, patterns, and scan 
reports in order to support legacy designs. The Scan Converter 
utility in PropCad Premium is used to extract propeller param-

eters such as pitch, chord, skew, rake, and thickness using 3D 
data points collected from a physical propeller. 

Scan Converter processes the data and recreates the propel-
ler blade by extracting individual sections from the geometry 
and deriving the geometric distributions. Once the design is in 
PropCad, additional documentation such as 2D drawings, pitch 
inspection reports, and 3D offsets can be easily generated for 
customers, clients, and record keeping.

Inspection Documentation for Repair
The proper inspection of marine propellers ensures the manu-

factured product meets the thickness and pitch specified by the 
design. Traditionally, the offset positions are manually laid onto 
the blade surface and checked against the published offsets for 
the propeller. To improve this process, PropCad Premium of-
fers a powerful tool for propeller builders and manufacturers 
– Inspection Maps. These maps provide guidance for propel-
ler craftsman and foundry workers, allowing them to quickly 
identify the inspection points on the blade and provide a proper 
comparison for the design thickness and local pitch values. 

PropCad includes four inspection maps for determining in-
spection point location and inspection values for thickness and 
local pitch. These maps produce a template of the developed 
blade outline, which can often be directly laid on top of con-
stant pitch propellers to approximate the inspection point posi-
tion. The inspection maps that are now featured in PropCad 
Premium are:

• Thickness map – provides the local thickness values of the 
blade at each inspection point. The maximum thickness is also 
identified and labeled separately.

Figure 2: Scan Converter can be used to extract the design parameters and recreate the blade.
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eye on design: CAd/CAM

Figure 3: Inspection map for measuring blade thickness.

Figure 4: The Pattern corrections utility allows users to easily account for machine stock and shrinkage factors.

Figure 5: 3D scan of existing 
blade.

Figure 6: CAD model of re-
placement propeller created 
with PropCad.

Figure 7: Scan of replace-
ment propeller overlaid with 
CAD model (tolerance of 
±0.030” set for Pass/Fail).

Figure 6

Figure 7

Figure 5
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• Local pitch map – provides the measured value of local 
pitch for a segment of the blade surface at each inspection 
point. 

• XYZ location map – provides the coordinates of the in-
spection points in a Cartesian coordinate system. Each inspec-
tion point has an X value representing the axial height of the 
blade at a specified Y and Z ordinate from the shaft axis.

• X-R-Theta location map – provides the coordinates of the 
inspection points in a cylindrical coordinate system. Each in-
spection point has an X value representing the axial height of 
the blade at a specified radius (R) and angle (Theta) from the 
shaft axis.

Castings and Patterns
Manufacturing a new propeller or replacement blades typi-

cally requires geometry different from the final design as part 
of the foundry process. Building a propeller by sand-casting, 
for example, requires three critical geometries:

• The final design shape (of course).
• An expanded geometry that includes additional “mill 

stock” thickness for machining or grinding.
• Pattern geometry which will account for deformation and 

shape changes during casting.
In other words, the shrinkage and deformation during the 

casting plus the additional material for machining or hand-fin-
ishing must be built into a production or patter model.

Generating rational pattern geometry can significantly in-
crease the workload for a propeller designer, but much of this 
process can be effectively automated. PropCad Premium’s Pat-
tern Corrections tool allows users to directly specify mill stock 
and shrinkage to create machining models, casting patterns, 
and mold geometries. A major advantage is that these correc-
tions are applied directly to the design parameters, allowing 
calculation and visualization of sections, blade parameters, 
and radial distributions. The Pattern Corrections utility will 
document these important corrections by storing them with the 
PropCad design file. Consequently, adjustments to the pattern 
can be made rapidly and easily.

Case Study
The value of PropCad to Argonaut Enterprises for propel-

ler inspection and documentation was described by Mr. Doerr. 
“Since 2012 when we first purchased PropCad, we have found 
several customer-supplied drawings to have numerous design 
errors. PropCad has truly saved us time and money on these 
build-to-print projects.”

“Last year a customer provided a 144 inch four-blade stain-
less steel propeller with a broken blade. This customer did not 
have a drawing for the 30-year old propeller but was happy 
with the performance right up to the day they struck something 
and had broken off the blade. As long as there is an ocean floor 
or river bottom, there will always be a need for a propeller re-
pair facility. This project was Classed by ABS so all aspects of 

the project required ABS approval; from the initial drawing, 
casting and final inspection of the newly manufactured propel-
ler.”

“We started by scanning the propeller with a 3D CMM device 
and created a three-dimensional model of the damaged propel-
ler. PropCad’s Scan Converter was then applied to develop 
the cylindrical sections and build the design as scanned into 
PropCad. We used the Class Feature within PropCad to deter-
mine if the design meets ABS Class requirements. Once the 
design model is completed, we used the Pattern Compensation 
utility in PropCad Premium to create a pattern drawing and 3D 
data.”

Shown in the figures below is an example of an Argonaut 
propeller project where they a) scanned the existing blade, 
b) created the geometric model and compensated pattern in 
PropCad, and c) cast and machined a replacement. The newly 
manufactured replacement propeller was also scanned into a 
3D CAD model for inspection and QA. As can be seen, the 
finished replacement propeller faithfully matched the original 
with very high precision – and does so in a way that that blade 
is mathematically smooth and erases existing design errors.

Propeller Replacement and Repair Success with PropCad 
Premium

As Darryl Doerr puts it, “PropCad Premium is an integral 
part of our business. We began working with the folks at Hy-
droComp in 2012 and have expanded that relationship over the 
years on several naval and commercial projects. HydroComp 
has specially tailored numerous upgrades to PropCad to help us 
get the desired result we need. It is rare when a company will 
take the time to work one-on-one to develop features and en-
hancements that did not previously exist. Going the extra mile 
is truly a trait instilled in the HydroComp philosophy.”

The Author
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