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The tool and mold-making sector is booming.
However, there are also more and more challenges. Ever
shorter product cycles and increasingly faster design changes
demand greater flexibility from mold makers. Whether in

the automotive or consumer goods industries, the energy

or the medical technology sectors, workpiece surfaces must
be perfect the first time, requiring virtually no finishing work
whatsoever. There are equally high demands for absolute
precision in machining production in order to succeed in an
increasingly competitive market.

Our Sinumerik CNC offers you an ideal platform to gain a
competitive edge. We have an appropriate solution for every
requirement, from the Sinumerik 802D sl for simple three-
axis cutting tasks to the 840D sl for complex five-axis machin-
ing, naturally, including special tool and mold-making
functions and applications. with the Sinumerik 840D sl

and the shopfloor-compatible Shop\Vill operating and
programming software, we've put together a technology
package for high speed cutting that provides optimum sup-
port for the entire production process, everything from
machine setup to multiple-axis machining. In addition, with
the acquisition of UGS, Siemens is now also able to provide
integrated solutions for the entire product lifecycle from
CAD/CAM processing to production —a new level of integra-
tion that holds enormous potential for increased productivity
and efficiency. Optimized post processors for Sinumerik
ensure perfect CAM data execution by the control system.

I invite you to discover our fascinating CNC solutions at this

year's EuroMold.

5 0

' Wolfgang Reichart,
Tool and Mold Making Project Manager
Siemens
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Optimum technological solutions for tool and mold making

Getting a perfect
workpiece faster

Whether in the automotive,
the consumer goods or the
medical technology sector,
time-to-market cycles for

products are becoming shorter and

shorter, while product quality demands
are steadily increasing at the same time

- particularly with complex parts. Fre-

quently, there is simply no time for

extensive testing and corrections. The
workpiece coming off the machine must
be perfect.

Optimized interface

No matter what the industry, molds must
be manufactured with greater precision
and complexity, and in the shortest pos-
sible time. Although three-axis machin-
ing has long dominated tool and mold
making, an increasing trend toward
high-performance five-axis machining
is noticeable today. Particularly in mill-
ing, there is still a great deal of potential
for more productivity and efficiency.

— e

possible time plays an increasingly
important role in tool and mold
making. The demand is much easier
to fulfill with an integrated solution
for the CAD/CAMINC process chain.
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That’s why the CNC plays an important
role. For example, the optimization of
the interface between the CAx process
chain and the control system still offers
great opportunities. Integration of the
CAD/CAMINC process chain facilitates
production, thereby making it more effi-
cient. With the acquisition of UGS (Uni-
graphics, now Siemens PLM), Siemens
opened completely new opportunities to
seamlessly translate the CAM/CNC lan-
guage into the NC code for the machine.
A perfectly adapted post processor for
the Sinumerik 840D sl and the NX-CAM
system ensures that the CAD/CAM pro-
gram responds directly to the control
system functions, and that the machined
product fully meets specifications the
first time around.

Moreover, the virtual NC kernel
(VNCK) of the Sinumerik 840D sl enables
one-to-one integration of the control sys-
tem’s NC core into the CAM system, thus
accurately simulating all machining

steps in advance. As a result, production
outcomes can be predicted with greater
accuracy, collisions are avoided, and per-
fect machining quality is assured right
from the start.

Consequently, a comprehensive sys-
tem for the entire process chain emerges
—from the CAD model to the finished
tool. This enables quick and flexible
response to production changes, includ-
ing drives and motors. Siemens supplies
an integrated solution which optimizes
motion control and speeds up machin-
ing. Ultimately, this ensures higher pro-
ductivity.

End-to-end technology package

Ideally, Cycle832, the “high-speed set-
ting (HSS) cycle” of the Sinumerik 840D
sl, which provides technological support
for three- and five-axis high-speed
machining of free-form contours (sur-
faces), would also be directly operated
by the CAD/CAM system. The system
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Precisely simulating all machining steps in advance ensures perfect quality right from the start

Sinumerik 840D sl:

The highlights

> Highly functional and user-friendly for setup and measurements
> Flawless workpiece surfaces through excellent motion control and highly

dynamic drives

> High-level precision through multi-axis kinematic scanning and optional correction
functionality of the slightest errors during machine operation

> Fine-tuned process from the original idea to the finished workpiece through
the perfectly tailored Siemens PLM post processors with NX CAM

compiles all of the necessary functions
for HSC (high-speed cutting) in a single
cycle, provides support in the creation of
structured NC programs, and negotiates
an ideal compromise between speed,
precision and surface quality.

The Sinumerik 840D sl and ShopMill,
the operating and programming soft-
ware for the shopfloor, offer tool and

mold makers an end-to-end technology
package for high-speed cutting that
provides optimum support for a wide
range of requirements - everything from
measuring and setup to programming,
data transfer and program execution.
The ShopMill interface is extremely
user-friendly and can be operated with-
out in-depth CNC knowledge. User-

friendliness is further enhanced with
graphical function displays and intuitive
input dialogs.

In the unlikely event that there are
problems, help is always close at hand
—anywhere in the world. That is a real
competitive advantage because, in times
where cycle times are becoming shorter
and shorter, itis crucial that the machine
never stands still and that no orders are
delayed.

A look to the future

At this year’s EuroMold, Siemens will
look to the future and point out in which
direction the road for efficient produc-
tion methods such as high-speed cutting
(HSC) is headed —not only for medical
technology. It is becoming increasingly
easier to machine harder materials even
faster into precisely molded products
with perfect surfaces the first time
around. <
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Manufacturing medical technology parts along the entire process chain

From image to implant

CNC tool and mold making solutions from the Siemens
Drive Technologies Business will be on display from
December 3 -6 at Euromold in Frankfurt. The center-
piece of the Siemens platform, the start of the High-
Speed Cutting (HSC) Medical Roadshow, will showcase
solutions for the for medical technology sector.

ishaw and Siemens PLM, the example, from the medical technology or
Siemens booth (Hall 8, Booth  tool and mold making sectors, and will
H36) will highlight the sig- demonstrate an integrated CNC solution
nificance of HSC solutions for prosthetic  for everything from the design concept
and implant production. The presenta- to the finished product.

. Together with DMG, Iscar, Ren-  tion targets machining companies, for

Expertise across the entire process chain -
from the clinic to the finished implant

Siemens AG

1 Design, programming, Scanned CT data slices are processed by Siemens PLM
° simulation, post processor via NX-CAM.
2 Measuring functions, Renishaw measurement technology perfectly calibrated for the
. quality assurance SINUMERIK 840D sl, utilization of measuring probes and OMV software.
3 Workpiece machining - Iscar supplies tools for maximum process stability,
. tools productivity and quality.
4 Workpiece machining - Ultra-dynamic DMG HSC 20 machine tool with SINUMERIK 840D sl -
2 machine tool + control system the most powerful control system for milling.
5 Flexible, highly accurate machining of extremely
. Implant production hard materials.

Siemens AG
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The process chain
already begins in
the clinic, where the

Usi dical KD doctor uses imaging
sing medical workpieces as an exam- dEiE o el Al

ple, there will be a live presentation of appropriate implant
the entire process chain, starting with
the clinic and ending with the finished
implant. Visitors can watch doctors use
imaging data of a complex fracture
acquired with a computed tomography
(CT) scan to select an appropriate im-
plant, and then position itin the fracture
area of the patient on the computer. Of
course, thisis only possible if the implant
geometries are stored in a database, and
the clinic has implants in stock or can
access them immediately from a manu-
facturer.

Siemens AG

NX from Siemens
PLM enables realis-
tic simulation of
machine functions

Siemens AG

Simulation of machining
sequences

In plastic surgery, however, where
implants specifically manufactured for
each individual patient are needed, a dif-
ferent process is employed. Instead of
pre-machined parts, implants are tailor-
made with the help of 3D imaging. In this
case, the machine tools are controlled
using the implant geometries. Calcu-
lated contours and shapes are acquired
by the CT to produce implants that are a
perfect fit. However, the feasibility of the

. S Implants for knee
planned production processes is first joints are precision
determined on a monitor using an NX machined with the
graphic simulation from Siemens PLM to HSC process of
avoid potential collisions or damage to Sinumerik 840D s
the workpiece contours.

P. Koerber

Technology package for milling

High-speed cutting (HSC) is amachining

process with high cutting speeds. HSC

machines achieve high spindle speeds

combined with feed rates that are much

higher than those of conventional

machining tools. Consequently, they

require control systems and programs

that equally fulfill these requirements.

The Sinumerik 840D sl is specifically

designed for the requirements of medi- The finished implant
cal technology part-related HSC work. >> is a perfect fit

P. Koerber



8

TOOL AND MOLD MAKING

CNC4you 2_2008

For more information > www.siemens.com/cncéyou

>>Integrated functions assist users with

setup and programming, thus allowing
for fast and precise production se-
quences.

Together, the Sinumerik control sys-
tem and ShopMill software form a mill-
ing technology package that allows
machine operators rapid access to the
functions they need. Thanks to graphic
function display and input dialogs, cycles
can be used quickly and effectively after
abrief training period. Even the smallest
errors can be corrected during operation
using multi-axis kinematic analysis.
The “Safety Integrated” safety solution
provides protection for personnel and
machinery. The software can be used to
interlink emergency stop buttons and
light barriers. In the event of an operat-
ing error, dangerous movements are
immediately brought to a standstill and
the power supply to the motor is quickly
cut.

The use of measuring probes

During Euromold, the production of arti-
ficial knee joints on an HSC 20 linear
milling center manufactured by DMG
will be controlled and monitored by a
Sinumerik control system. With its broad
range of functions, the milling center is
particularly well-suited for use in the
medical technology sector. Itis equipped
with linear drives on all axes and achieves
acceleration rates of over 2 g. The model
can also generate a surface finish of up
to 0.2 micrometers Ra. The liquid-cooled
machining spindle operates at speeds of
up to 42,000 rpm, thereby covering an
extensive range of potential applications
in the medical sector, where materials
such as titanium, chromium-molybde-
num, tantalum and niobium are milled.

In order to achieve maximum preci-
sion during implant production, while
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The technological details

Contact> karsten.schwarz@siemens.com

NX from Siemens PLM

NX is a Siemens PLM software solution that allows tool paths and functions to
undergo virtual testing under machine conditions at the modeling and pro-
gramming stage. The virtual NC kernel (VNCK) of the Sinumerik control systems,
combined with the key parameters of the machining tools, ensures that the
simulation precisely corresponds with the actual machine processes. This realistic
simulation with NX means that the program testing process on the machine can
be significantly reduced, or even eliminated.

also maintaining a consistently high
level of product quality, measurements
are taken continuously from both the
machine and the workpieces. At Euro-
mold, Renishaw will demonstrate the
fitting of HSC production machines with
appropriate measuring probes, and the
use of other solutions to measure tools,
detect broken tools as well as set up and
measure workpieces. Booth staff will
provide demonstrations on the targeted
use of measuring probes to reduce setup
times by up to 90 percent as well as
improve process control.

Cost-effective machining

Metal parts used in medical technology
are often extremely complex. Thus,
choosing the right tooling can have a

great impact on the quality of the fin-
ished products. After all, cutting tools
ensure that the parts leaving the machin-
ing center are absolutely precise and
require no further finishing work.
Although the materials used are difficult
to machine, the tools must fulfill high
demands with respect to the precision
and surface quality of the implants. At
the show, representatives from Iscar will
demonstrate the use of precision tools
for turning, drilling, milling and finish-
ing jobs. They will also highlight the
performance qualities of non-vibrating
carbide milling cutters, which are well-
suited for machining implant materials,
as well as offer information on more
cost-effective and efficient machining
processes. <

Siemens AG
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Precision machining tools for medical technology

Built tough

The production of medical components
from titanium and other rustproof materials
places high demands on machining tools.
Ettlingen-based tool supplier Iscar offers a broad
range of machining tools capable of handling such
tasks —for turning, milling, drilling, countersinking
and tapping of forged blanks and parts made from
drawn solid materials, as well as tools for contour
finishing and for rough and finish work.

Tools used for machining hard-to-cut titanium blanks are sub-

ject to high levels of continuous stress. This accelerates tool

wear, potentially causing them to fail. For titanium machining,
Iscar relies on materials such as very fine-grain and ultra-fine-grain sub-
strates. For finish work, it also uses cutting inserts with polycrystalline
diamond (PCD) particles.

Rustproof stainless steels contain varying amounts of chromium,
nickel, molybdenum, manganese and niobium. Contrary to the obvious
mechanical, hygienic and medical technological advantages of rustproof
materials, they are difficult to machine. They are poor heat conductors,
resulting in high temperatures and rapid wear on the tool blades. To
machine rustproof metals, manufacturers use various combinations of
cutter material substrate, coating, geometry and finish that are very sim-
ilar to those used for tools in titanium machining.

. Titanium is one of the key materials used in medical technology.

More cutting edges - short machining times

Joint components for hips, shoulders, spinal columns, elbows and hands
are generally milled from solid blanks, either as individual parts, or in
very small volumes. Knee joints are also produced in larger volumes,
whereby the workpieces are pre-fabricated through reshaping. The mill-
ing work is generally carried out on three- to five-axis machining cen-
ters.

Companies such as Iscar supply solid carbide milling tools specifically
designed for tool and mold making. Solid carbide end cutters, spherical
cutters and toroidal cutters made from ultra-fine-grain substrates typi-
cally have a large number of cutting edges. The higher the number of
cutting edges, the shorter the machining time, and the longer the service
life. <
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The manta ray is a sub-species
of the devilfish family and
renowned for its graceful ele-

Precise five-axis machining from model to gance in the ocean. In order to
finished wo rkpiece capture this elegance, amodel of amanta
ray was first worked by hand until the

transitions between the surfaces were

P e I‘ fe C 't E 1 e an C e completely seamless. Of course, creating
g NC mold making programs required

CAD data for the workpiece. Therefore,

as a first step, the model was digitized

) ) o ) ) using a 3D laser scanner, where coordi-
Five-axis machlnmg is, without a doubt, the nates of several individual points on the

most complex of all tasks within the turning manta ray were determined and used to

o ] . generate a scatter plot.
and milling field. No other manufacturing pro- o )
The individual “jobs” of

cess requires such expert knowledge, starting a perfect part
with the CAD system and continuing right Next, the manta ray scatter plot had to
. . be converted into CAD-compatible data
thr.ough the machining and control functions. (into a 3D model). Thereby, a grid model
Usmg a manta ray as an example, the follow- was developed from the coordinate
. . . points and, using a special software,
ing article describes the. d.evelopment process optimized and polished to create free.
from the model to the finished product. form surfaces. The result was a manta

ray CAD model, the quality of which
formed the basis for the
subsequent machining.
With the help of a CAM
system, NC programs were
then created from the CAD data. The
hyperMILL CAM system from Open Mind
Technologies was used to define indi-
vidual machining steps for the turning
and milling jobs, including the surfaces
to be machined, tool paths, remaining
quantity, speed and feed rates, and much
more. An entire project usually involves
several integrated machining steps in
sequence.

Optimum dimensional stability

The complex shape of a manta ray re-
quires the definition of several machin-
ing steps involving roughing and finish-
ing jobs from various angles along with

Siemens AG
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both fixed and simultaneously moving
rotary axes. When defining the jobs, tol-
erances for calculation accuracy are
specified. These are usually 0.1 millime-
ters for rough machining and between
0.005 and 0.001 millimeters for smooth-
ing operations. These tolerances must
be subsequently factored in during the
production phase.

Once collision-free calculations of all
the jobs have been made in hyperMILL,
the NC programs are generated using a
control- and machine-specific post pro-
cessor. The post processor converts the
CAM data into the NC code for the
machine. The data is generated specifi-
cally for the defined tools. Thus, the NC
programs are also only valid for these
tools. For instance, if an NC program is
created for a 6-millimeter ball mill, how-
ever, a reground 5.8-millimeter milling
cutter is used on the machine, the work-
piece contour produced will not be not
dimensionally correct.

Optimum use of Sinumerik
functionality

For the production, a five-axis milling
machine with rotating table and Sinu-
merik 840D sl with ShopMill was used.
Prior to setting up the tools and work-
pieces, the machine’s accuracy was eval-
uated by measuring and correcting the
rotary axes with the help of a Cycle996
kinematic measurement cycle. The NC
programs generated by the CAM system
were incorporated into a start program
every time a program was called up. To
ensure that machine parameters were
ideally set for every machining task, a
Cycle832 high-speed setting cycle was
separately configured for roughing, pre-
finishing and smoothing. The Cycle832
sets all necessary parameters for HSC
machining, thereby focusing on speed
with respect to roughing tasks, and on
surface quality and dimensional stability
with respect to smoothing jobs.

The entire process chain - from the
CAD model to the finished tool - directly
impacted the quality of the manta ray.
Achieving such optimal results requires
extensive experience and knowledge
particularly of the contextual relations
between individual production steps. <

Technology in detail

hyperMILL CAM system

When designing a job, the tool holder dimensions can be
defined alongside tool data such as cutting values and dimen-
sions. If available, a Finite Element Model of the machine can
also be imported.

When calculating milling paths, hyperMILL automatically factors
in the dimensions of the tool, the workpiece and the working
area to ensure collision-free machining. As a result, errors can
already be eliminated at the CAM system stage, thus preventing
machine damage.

—

I L b LN N BN

= i

e § = s | e -

Even complex parts can be programmed with the hyperMILL
CAM software

Siemens AG

A perfectly milled workpiece, the product of precision
NC programs and a highly sophisticated CNC, fully captures
the elegance of a manta ray

Lo e W TS BT

Contact> manfred.buchner@siemens.com

Software Open Mind

Siemens AG
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Spotlight: employee certification and machine and

control system quality

No Interruptions

The more complex and expensive a machine, the less often it
should stand still. For this reason, the automotive supplier
Weissenberger uses qualified technicians in its production pro-
cesses and Sinumerik control systems in its milling machines.

In its production, the automo-
tive supplier Weissenberger

uses some 30 different ma-

chine tools. Some of them run
completely “operator-free.” The compa-
ny’s high-level expertise and profes-
sionalism is reflected in all production
areas — from the design and develop-
ment stage to the tool and mold making
as well as the precision engineering.

In addition, air conditioned produc-
tion rooms allow tolerances of less than
one-thousandth of a millimeter to be
achieved.

This is precisely what an automotive
supplier needs to secure a competitive
edge in the market, and Weissenberger
certainly is. Almost all of its orders for
tool and mold making come from the
automotive industry.

Seamless interaction

Whenever new machining centers are
purchased, they should be productive
within a few days, according to produc-
tion manager Matthias Floth. In addition,
the Sinumerik 840D CNC system cur-
rently is the best solution for Weissen-
berger. The Huron KX20 milling center
and the Kehren Ri 8-4 grinding machine
are just some of the machines that were
fitted with the CNC. The KX20 was the
first machine Weissenberger equipped
with a Sinumerik unit. “Since both the
control system and the drives are from
Siemens, the interaction between them
worked smoothly right from the start,
resulting in high surface quality and di-
mensional stability of the workpieces,”
as Matthias Floth reports.

Contact> wolfgang.reichart@siemens.com

Weissenberger also manufactures
complex molding tools for the
automotive industry

The technical details

HITACHI

Inspire the Next

A Technology Center partner

In the Technology and Applications
Center (TAC), located in Erlangen,
Germany, Siemens technicians work
closely together with tool specialists
from companies such as Hitachi to
optimize surface quality, tool stability
and machining processes. These
developments also benefit Weissen-
berger's tool and mold making opera-
tions, where some 50 percent of

all machines are fitted with Hitachi
tools.

As one of the most innovative tool
manufacturers, the Japanese Hitachi
Tool company not only provides users
with high-quality, high-tech machin-
ing tools. Its excellent consulting
support can also help clients to save
up to half of their overall production
costs.

He values the simple operation and
logical control design, which are easy to
learn for technicians with no previous
CNC training, because they resemble a
conventional PC keyboard. The optional
ShopMill programming interface makes
setup, programming and tool man-
agement of the Sinumerik 840D even
easier.

To save energy, the control can be pro-
grammed to shut down systems auto-
matically after filing an order, for exam-
ple, or when orders are started during
the late shift for the machines to pro-
cess automatically overnight, or when
no operators are on duty. Without the
CNC shutdown function, they would re-
main on standby until the start of the
early shift, consuming electricity need-
lessly. <
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German archery runner-up uses Sinumerik

Right on target

When you think of competitive archery, you immedi-
ately think of high-tech bows made from special
materials. However, there are traditional archers who
still prefer conventional wooden bows, but who are,
by all means, open to modern milling technology.

A good bow fits perfectly the archer’s hand, forming

> a single unit. This is exactly the type of bow Horst

Bokesch, a passionate archer, was looking for. His

aim was to develop a bow grip that could easily be

adapted to suit the anatomy and preferences of the archer.

Optimum weight distribution, balance and ergonomics were

of key importance. Currently, the market only offers standard

sizes to suit all, or expensive custom-made pieces requiring

long manufacturing times. Horst Bokesch found the perfect

partner with the technical resources and expert knowledge to
create his ideal bow — Alzmetall in Altenmark, Germany.

Targeted modeling with Sinumerik

A CAD system was used to create a model of the bow grip
according to Bokesch’s requirements. Using a CAM system,
Alzmetall then developed the model into a program for a five-
axis milling machine with a Sinumerik CNC. Because the grip
had to be milled as a single part, a specially manufactured
holder was developed so that the raw part could be machined
from all sides. Traditionally, bow grips are made by gluing
together layers of tropical hardwoods that meet all of the
requirements in terms of dynamics, durability and, of course,
aesthetics. Production has now been optimized so that archers
are able to precisely specify their personal requirements and
preferences using model grips. Once the CAD data has been

adapted, the new program is generated and a unique specimen The bow grip, which
of the bow grip is manufactured from the raw wooden part. was machined as a
Minimal adjustments are then manually performed. S = . s"al
.. . . specifications in terms
Horst Bokesch was able to design a custom-made bow with of dynamics, durability
the help of Alzmetall. The first masterpiece developed to and aesthetics

emerge from the bow factory was a recurve bow. The bow is a
further development of the classic long bow with tips that
curve away from the archer, providing a softer draw back and
improved efficiency. With his customized bow, Horst Bokesch
placed second in the recurve category during his first trip to
the German 3D Archery Championships in 2007. <

Siemens AG
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Precise positioning

Whether for recording a wide range of workpiece geometries during setup in
JOG mode, or for automatic dimension control during the machining process,
Sinumerik offers an ideal solution with its configurable measuring cycles.

’ Together, 3D measuring probes,
calibration spheres and the Siemens
Cycle996 measuring cycle measure
workpieces and the position of a
machine’s rotational axes with a high
degree of accuracy

Measuring cycle for the Sinumerik 840D sl

Cycle996

The Cycle996 measuring cycle was developed for multi-axis
kinematic analysis and is well-suited for both initial setup as
well as for subsequent calibration and control. The first step
involves scanning the calibration sphere with a 3D measuring
probe together with the measuring cycle in three rotational
axis positions of the calibration sphere.

Three sphere positions are measured for each rotational
axis. Once all measurements are completed, the machine
operator starts the kinematic analysis. The respective data is
then either stored in the control system or simply checked
by the machine operator.

When tested on various milling and grinding machine
kinematics, the cycle demonstrated a high level of measuring

accuracy, even with high-precision demands. The time savings
as compared to conventional methods is another clear benefit.
With a customized measuring program, a work sequence, in-
cluding calibration, only requires approximately ten minutes.

Despite its wide functions range, the new measuring method
does not require expensive equipment. Sinumerik measuring
cycles, a calibrated 3D measuring probe and a calibration
sphere with a known diameter are all that are needed. The
measuring cycle is also well-suited for handling systems as well
as for water jet and laser cutting machines with kinematic
transformations.
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In CNC production, it is still =
common to measure tools and -'!‘ T, l"‘l

workpieces by hand on the
machine. The zero pointis de-
termined by scratching and the values

obtained are entered manually into the ‘D E:l
CNC system. Not only is this method :

prone to error, it is often expensive and {:? "';:}
time-consuming, and requires a steady

hand. The use of a measuring probe and
Sinumerik measuring cycles makes life

much easier. s

Setup in JOG mode

The probe measures the workpiece using
an appropriate measuring cycle from
the wide range offered by the Sinumerik
840D sl. The measured values are trans-
ferred automatically to the CNC to calcu-
late the position and zero offset, thereby
automatically calibrating the workpiece
coordinate system with the machine co-
ordinate system. In a linear process, for
example, the machine moves parallel to
the X-direction of the workpiece system,

Plncyivtif mrul,
- 5 Rt o bl Tl
My . paknis & pabrda

g |8 L
even if the workpiece is clamped at an Belamabar Mo caloalanion
angle to the table. 178 | I gaEdesd B6R
The Sinumerik 840D sl offers the fol- Enih of fu =TT,
W b

lowing measuring cycles for the varying
workpiece geometries:
> Point/edge measurements
> Right-angled and other corner
measurements
> Cavity/drill hole measurements
> Square/round spigot measure-
