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Focus
Laser Shearography
Inspection Systems
by John W. Newman

L

aser shearography was first
introduced as a nondestructive
test method in 1987 for
production testing of the United
States Air Force B-2 stealth bomber (Fig. 1).
The technology made rapid progress
throughout the 1980s and 90s as lasers and
computers became smaller, more powerful
and less expensive. Today shearography is
used to inspect structures as diverse in
form and function as microcircuits and the
Bronx Whitestone Bridge. Acoustic
shearography (a form of shearography
using sound to excite the test part) is used
to inspect the foam insulation on the Space
Shuttle’s external tanks and was the first
NDT method to be certified by the National
Aeronautics and Space Administration
(NASA) for that purpose. Portable laser
shearography systems that can detect
masonry cracks and structural defects are
used to examine buildings (including
numerous historic structures) and concrete
bridges. Portable systems for the inspection
of composites are used to inspect many of
the America’s Cup racing sailboats during
their manufacture and also during
competition (Fig. 2). Producing a real time
picture, the laser shearography camera
images tiny submicroscopic shape changes

that occur on the surface of a test part
when subsurface defects exist. This
sensitivity coupled with a repeatable and
quantified stress loading mechanism can be
used to image hidden flaws in composite
aircraft panels, cracks in concrete, voids and
disbonds in composite ship hulls and casing
blisters and belt edge separations in tires.

Advantages
In the quest to maximize fuel economy and
performance, aerospace engineers have
turned from riveted and bonded aluminum
structures to composite laminates and
sandwich panels with honeycomb or foam
cores. Large structures such as fuselages are
now built up with composite winding and
tape placement technologies. These
materials and geometries are sometimes
inaccessible to, or inefficiently inspected
with, traditional nondestructive test
methods. Laser shearography, however, can
examine large sections of a structure in a
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Figure 2. Portable configuration of vacuum
laser shearography system locates voids and
delaminations in ship composites.

single inspection and can achieve
through-put rates that are typically
between 10 to 50 m2 (100 to 500 ft2) per
hour. Laser shearography can also test
structures at an angle, eliminating the need
for the complex precision contour following
required in methods such as ultrasonic
testing. Additionally, because laser
shearography provides direct information
about the criticality of discontinuities, those
that are not critical to the function or
strength of the structure can be
disregarded. This is an advantage over
methods such as ultrasonic testing that
identify heterogeneities in materials but
deliver little or no information about how
the discontinuity affects structural strength
or function.

Focus continued on page 2.
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Laser shearography limitations fall into five
categories.
Insufficient Reflectivity. To generate a useful
image, objects under inspection with laser
shearography must reflect laser light with
sufficient power and uniformity. Surfaces of
black parts can have little reflective value and
the resulting inspection area may be too small
or have insufficient image quality for
evaluating indications. In this case, coatings
such as dye penetrant developer may be used
to enhance reflectivity of the part.
Highly Curved Surfaces. If a part such as a
filament wound tank is highly curved, an area
of high laser light intensity will occur causing
image saturation. This difficulty can be
overcome with 12-bit laser shearography
camera technology. The large increase in
bandwidth allows very dark areas and very
bright areas that provide good data.
Instability. Mechanical instability may allow
movement during data collection rendering
any resulting shearograms unusable.
Inelasticity. Laser shearography depends on
test part deformation to reveal subsurface
defects. Elastic materials such as wood, metal
and composite materials usually have critical
flaw sizes sufficiently large for detection with
laser shearography. Brittle materials such as
glass, silicone nitrides and ceramics, however,
usually have very small critical flaw sizes and
are not candidates for laser shearography
inspection.
System Variables and Operator POD. The
sensitivity of laser shearography to defects
depends on many factors including part
geometry, defect area, defect type, material
stiffness or modulus and depth below the
surface. In general, the deeper the defect
below the surface, the larger is the minimum
detectable size. The evaluation of laser
shearography for a given application must
take into consideration all factors affecting
the system and operator probability of
detection (POD).

How It Works
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“HOLD UP! MIGHT HAVE A
LITTLE FIT PROBLEM HERE.”
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hen TNT’s oversight committee first broached
the idea, it was hoped that an ethics series
would generate an awareness of the
commonalities of ethics issues within the NDT community
and also suggest the means for positive solutions. The
series has been well-received. Some reader comments
follow. “Nisbet's article on ethics hits an issue that always
needs exposure. It's a subject that is dear to my heart.”
“Your article brought back a number of memories of being
asked not to return to a job site for doing my job too
well... .” “I read with interest the article on professional
ethics for the NDT technician. I have seen many examples
of pressure at work... .” “Unethical behavior, while it may
help meet schedules in the short term, usually does get
detected somewhere down the line.” Let us hear your
thoughts on “The Employer and the Employee” in this
issue of TNT. Send your comments to the editor.
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The laser shearography camera is a common
path interferometer with the ability to detect
discontinuities based on the comparison of
two states of deformation in the part or
structure being examined in response to a
change in load. Laser shearography cameras
have a built-in laser or an external laser light
source to illuminate the field of view on the
test part, an area that can range from several
square inches to several square yards,
depending on the maximum allowable defect
size. Figure 3a shows a laser shearography

Computer
and
imaging
software
Monitor

Observation
direction
P2

Tilt
mirror
Beam
splitter
Phase shift
mirror

Laser
diode

Amplitude

P

Video
frame
grabber

(b)

Aperture
lens

Charge coupled
device video camera

P1

Mechanical
loading
deforms
plate Δ

φ

P1
P2

Time
(c)

Measurement
vector Machined
Illumination
test plate
direction

Amplitude

(a)

φ+Δ

P1

P2

Time

Figure 3. Illustration of (a) laser shearography system, (b) corresponding points from split images demonstrating phase shift φ determined by
shear vector and (c) corresponding points from split images demonstrating phase shift φ + Δ introduced by deforming plate.

system with a machined metal plate as the
target. The plate can be mechanically
loaded to provide very slight deformations
from 0 to 2.5 microns (0 to 0.0001 in.) Laser
light from the laser light source is spread
out to illuminate the target. As the laser
light is reflected from the surface of the
test part, it enters the camera aperture lens
where it passes through a beam splitter
and is reflected by two mirrors as two
separate but identical images of the test
area. One image is tilted or sheared, with
respect to the other image. The amount
and direction of the image shear offset,
referred to as the shear vector, determines
the sensitivity of the shear camera to
changes in shape on the surface of the test
part. The position of one image with
respect to the other image can be adjusted
in any direction or amount.
The phase of light from each point P1 on
the first image can be compared to the
phase of light from the corresponding
point P2 in the second image, but at a
slightly different location determined by
the shear vector φ (Fig. 3b). When the
machined metal plate is stressed, the
surface does not deform uniformly. Light
from each point on the deforming plate
travels slightly different distances to the
shearography camera causing the light
from P2 to be phase shifted φ + Δ with
respect to light from P1. On a real test
object, the phase of light from defect free
areas does not change when the part is
stressed while light reflected from defects is
phase shifted.
The two separate sheared images are
combined or interfere on the surface of the
charge coupled device (CCD) camera. The
intensity of the laser light detected by each
pixel in the CCD camera is determined by
the summation of the light from
corresponding sets of points for the entire
image. This summation, referred to as an
interferogram, is streamed to a computer

where it is processed in real time and
displayed on a monitor as a shearogram.
The interferograms from the unstressed
and stressed states are used to calculate the
shearogram, first as a phase map (Fig. 4a),
then as an unwrapped phase map (Fig. 4b)
to show how the test machined plate is
deformed by the applied stress. The
deformation can be measured
quantitatively. Note that the deformed part
of the metal plate is the circular area
covered by the fringe pattern and the black
and white area in the unwrapped image.
Similarly, defects in test parts are seen as
tight fringe patterns or as black and white
indications. When a shearography camera
is used to image an aircraft honeycomb
panel, a wide range of defects may be seen
including disbonds, damage to the core
and impact damage. Defects can be
measured and locations determined. The
interpretation of laser shearography
images is similar to the interpretation of

(a)

Fringe
pattern

changes in signal strength for ultrasonic
testing. The interpretation parameters for
laser shearography include changes in
indication phase, signal-to-noise ratios or
changes in material stiffness as well as
others. Laser shearography uses a wide
range of stressing techniques to detect
defects in materials and structures that
include heating or cooling the test part,
vacuum, pressure, mechanical bending,
sound, ultrasonic signals and microwaves.
Figure 5 is a shearogram of a 0.3 X 0.6 m
(1 x 2 ft.) section of a metal honeycomb
panel showing all the cells, disbonds and
voids. Every feature detected is the result
of a local change in the panel surface
shape.

Portable Systems
Portable laser shearography systems are
designed for a wide range of applications.
A small portable thermal stress
shearography system designed to detect
impact damage to composite aircraft is
shown in Fig. 6. The inspection head will
attach to flat or highly curved surfaces,
even upside down. The system operates
from the built-in laptop computer or small
touch screen on the inspection unit. Some
portable systems include built-in stressing
mechanisms using heat, vacuum or

Focus continued on page 4.
(b)

Figure 4. Interferograms: (a) phase map and
(b) unwrapped phase map.

Figure 5. Shearogram of metal honeycomb
panel shows cells, disbonds and voids
detected as result of local change in panel
surface shape when stressed.
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Standards and Certification

Increased use of composites in aerospace
and space applications continues to drive
the need for new NDT technology
standards and in 2007, NASA called for
updated consensus standards for NDT of
composites. Leaders from government,
industry users and suppliers in all of the
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Figure 6. Portable laser shearography system
with heat stressing mechanism detects impact
damage in aircraft composites.

Conclusion
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Inspection
head with
touch screen

Gantry mounted laser shearography
systems share many operational features
with ultrasonic C-scan systems such as
teach/learn part scan programming,
electronic imaging of the entire part,
image analysis, defect measurement tools
and automated operation. Through-put
rates for laser shearography systems are
typically in the range of 10 to 50 m2 (100
to 500 ft2) per hour. This can be compared
to a typical throughput of 1 m2 (10 ft2) per
hour for UT C-Scan systems. Fixed
production laser shearography systems are
used to quickly inspect large structures. As
an example, both metal and composite
helicopter blades are easily tested in
production with thermal or vacuum
shearography (Fig. 8a). Pressure reduction
during the inspection cycles between
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Real time image
processing computer

•

Fixed Production Systems

The ASNT Laser Methods Committee was
initiated in 1993 to develop certification
requirements for shearography system
operators. Adaptation of shearography
into ASNT SNT-TC-1A soon followed.1 Since
1995, more than 300 NDT professionals
have received shearography NDT training
to ASNT Level II. The technology reached a
fundamental milestone in industry
acceptance with inclusion in ASNT
SNT-TC-1A for Level III shearography
certification in 2005. In March 2008,
shearography was included in the third
edition of NAS 410.2
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ultrasonic signals while others require an
external means of applying stress during
the NDT operation. All portable systems,
however, include a laser illumination
source, a real-time image processing
computer and a means to support the
camera either by tripod or by vacuum
attachment to the part surface under
inspection. Tripod mounted shearography
systems are used to inspect buildings for
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ambient and 0.3 psi below ambient. The
shearogram in Fig. 8b shows damaged
areas on the helicopter blade.

masonry cracks and defects. Mechanical
loads are applied to change the stress
condition revealing hidden defects even at
ranges up to 12 m (40 ft.). In Fig. 7a, a
concrete block wall is stressed with a light
force of several pounds applied by the
operator. Large hidden cracks are readily
visible as white indications (Fig. 7b).

•

Focus continued from page 3.
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Composites, Sandwich Core Materials
and Filament-Wound Pressure Vessels in
Aerospace Applications. West
Conshohocken, PA: ASTM International
(2007).
John Newman, president and founder of
Laser Technology Inc. in Norristown, PA, led
the development of the first electronic
shearography system for production NDT
of the USAF B-2 in the 1980s. He has
worked in the field of holography,
shearography and laser NDT methods since
1968. Mr. Newman initiated the ASNT Laser
Methods Committee and is the current
chair. He is also the chair for the ASTM
Shearography NDT subcommittee E07.12.
He holds a Ba. in Physics from Lake Forest
College and 48 US patents in the fields of
laser optics, holography and shearography
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Figure 7. Demonstration of portable laser
shearography system for building inspection
shows (a) force applied to concrete block wall
and (b) shearogram with crack indications.
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Cracking
detected
with laser
shearography

major NDT disciplines responded. ASTM
E 2581-07 was among the first of those to
be developed, providing a consistent
methodology for the application of
shearography and ensuring consistent
results.3
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Figure 8. Laser shearography inspection of
(a) helicopter blade conducted in pressure
reduction chamber and (b) resulting image
with damaged areas indicated.
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Professional Ethics —
The Employer and the
Employee
by Ronald T. Nisbet

F

or nondestructive testing to function
successfully as a system, there must
first be:
• a precise definition of the required product,
• strict adherence to specifications,
• adequate testing of the product, and
• adequate supervision of the testing.
Underpinning these requirements (and the
ultimate success of the system), are basic
human behaviors such as honesty, discipline
and communication.

his mentor. Thus the journeyman’s work habits
— be they sloppy work practices, avoidance of
difficult locations or being induced to change
or report false examination results — set the
tone for the trainee’s future work habits. The
outcome of poor training will be poor
examination results. A technician cannot apply
balanced decision making without knowledge
and proper training.

Employer Attitude and Support

SNT-TC-1A is a recommended practice for
employer-based certification that requires the
employer to develop a written practice
describing how he will train, determine
sufficient experience, test and certify his
employees in nondestructive testing methods.
In addition, the employer must maintain
documentation of all of the above.
Unfortunately, the documentation is seldom
audited and this affords some employers an
opportunity to certify under-qualified
technicians by “pencil whipping” their
certification.
Increasingly, customers are requiring
performance demonstrations at the work site
before allowing technicians to conduct
nondestructive tests that will result in critical
judgments and reports. However, results of the
performance demonstrations are uniformly
poor — in the range of fifty percent failure —
reflecting unacceptable training and
certification practices by many employers.

As President Truman was reputed to have said,
“The buck stops here!” The employer sets the
tone for ethical behavior within his company.
Professional ethics may be clearly stated as
company policy but, more importantly, they
are demonstrated by the attitudes and actions
of the employer and company managers. If an
NDT employer is somehow beholden to the
customer, it becomes readily apparent to the
NDT technician how the desires of the
customer are to be met. The end result is that
the critical nature of the decisions and data
produced by nondestructive testing can
become compromised.
The following is an example of how
negative attitudes are transmitted. If a
customer complains that an NDT technician is
unnecessarily delaying production by rejecting
parts and the technician’s manager states or
implies that the technician should “lighten
up” on rejection, the tone for unethical
behavior is set. Terminating or transferring the
technician to another location is also an
indicator of company attitude. However, when
upper management clearly and
unambiguously supports the technician’s
judgment and ability, the tone for integrity is
set. Employer support enables the NDT
technician to make proper accept/reject
judgments based solely upon the appropriate
standards or specifications.

Attitudes of Coworkers
Co-workers can also influence the behavior or
actions of a technician. An inexperienced
technician or trainee working alongside a
journeyman technician not only learns about
the nondestructive method or technique being
demonstrated, but also about the integrity of
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Employer-Based Certification

Fraudulent Reporting
The author has personal knowledge of the
following incident of fraudulent reporting. An
inspection company contracted by a
petroleum refinery was to conduct automated
ultrasonic examination of circumferential and
longitudinal seam welds on pressure vessels
that had been in service for some time. In
order to access the welds for inspection, a
combination of scaffolding and use of a
man-lift would be required. The customer
supplied the scaffolding and the man-lift. The
technician responsible for conducting the
inspections was given training in how to
operate the man-lift vehicle and was
appropriately certified in its use. Despite some
interruptions due to limited availability of the
man-lift, the work was eventually completed.

A two-man operation, the work required one
assistant technician to operate the scanner and
an experienced technician to record the data.
In the ensuing review of the job site
conducted by the NDT supervisor, it quickly
became apparent that data had been provided
for locations that did not have scaffolding and
that were not accessible with the man-lift. At
the supervisor’s recommendation, the NDT
provider and the client also revisited the data
and work site. They too concluded that the
data provided had not been obtained from an
actual examination of the vessel.

Value of Correct Action
When interviewed, the technician admitted
that he had reused scans by simply changing
the location identification. The technician also
stated that it was his understanding the work
needed to be completed within a certain time
frame and that, because there were no
discontinuities in the areas he did inspect, he
felt it was safe to assume the remaining welds
were “clean.” Clearly the results were falsified
and the technician was entirely culpable. But,
what about the assistant? He too knew test
results were being falsified. The assistant
stated that he was intimidated by the seniority
of the technician conducting the inspections.
The following corrective actions were taken:
• The technician responsible for conducting
the scans was terminated “for cause.”
• The assistant was given time off without pay
and provided remedial training.
• Examinations were repeated correctly and
completely.
• The NDT provider assumed all costs for
re-inspection.
As a result of the corrective actions,
significant defect indications were detected in
the areas where false results had been
provided. The corrective actions taken by the
NDT contractor reassured the customer of his
contractor’s integrity and the customer
continued to use the contractor’s services. The
assistant went on to become a capable and
reliable NDT technician. In addition, the events
as they transpired served to demonstrate to all
the NDT technicians that the company
expected correct, reproducible and reliable
examination information from them at all
times. Equally important, the NDT technicians
learned they could expect the support of their
employer in obtaining it.
Ronald T. Nisbet is an ASNT Professional Level III
in UT, MT and PT and a professional engineer
actively involved in NDT in the state of California
since 1960. A frequent ASNT volunteer, he is a
founding member of the Technicians Advisory
Committee, TNT’s oversight committee, and is
acting chair of the “Professional Ethics for the
NDT Technician” review panel. Ron can be
reached at (530) 269-1245, fax (530) 269-1240,
<rtnisbet@earthlink.net>. TNT
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PRACTITIONER
PROFILE
Keith Wilson
Keith Wilson started out studying automotive technology at his
local college but was introduced to NDT by a teaching substitute
filling in for a regular instructor. Examining automotive cylinder
heads with PT and MT left him intrigued. Keith is now a Level II
using phased array UT to inspect in-service piping and equipment
for the petroleum industry.
Can you tell us a little about your NDT training background?
My first NDT job was doing X-ray for a small NDT testing lab. My
employer needed another UT person so he sent me to UT shear
wave school. In 2003, I took Level I and II UT shear wave training
at Hellier South Central. Most of my
work was shear wave testing for
several years after that. When our
industry began to use phased array
UT, I decided to get training in that
technology. All of my phased array
training has been with Mark Davis
NDT.
How is UT phased array changing?
I work in a full service advanced
group that gets jobs testing all kinds
of materials in all kinds of places.
Many of these are jobs where
phased array UT has never been
used before and we have to figure out a way to do them. It’s a
challenge sometimes but for me, that’s the most enjoyable part
of my work.
How does phased array UT compare with RT as a primary means
of weld inspection?
Phased array UT will never totally replace RT but there are things
it can do that can’t be done with RT. For example, it can encode
scans of welds. The encoder is a wheeled attachment with a
clock counter inside that hooks to the probe itself. It can be
calibrated to track exactly where I am on a weld. Give the top of
a weld a zero and, if I make a scan eight inches long, the
instrument records exactly where it is along the scan in relation
to the data collected. That data is provided to the client so that
they have a permanent record of the scan just performed. All of
the data we collect is interpreted on-the-fly, in the field. We
have the capability for a Level III review but we make the final
call. We’re not out there to just collect data and bring it back for
someone else to interpret.
How are you trained for that responsibility?
For our criteria, you have to be an ASNT SNT-TC--1A UT Level II.
Everybody that works in our group doing any kind of phased
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array is also API shear wave qualified. That’s in addition to
80 hours of phased array training.
What does a UT Level II need to know to get up to speed in
phased array?
If they’re starting from scratch — the basic building block is a
strong background in UT shear wave. Most people start off
doing digital thickness readings and then move into shear wave
angle beam testing, weld quality exams and crack detection. It’s
important for the technician to know how to interpret the data
he sees — how to interpret the scans. Fundamentals for shear
wave and phased array are essentially the same — the sound
works the same, the focal laws are pretty much the same. The
biggest thing is having the correct training on how to operate
the system before being thrown into it. The machines can do a
lot and that can be intimidating sometimes. Formal training to
understand and operate the phased array system is fundamental.
What structures are you inspecting with phased array UT?
We do a lot of weld inspection in refineries and in new
construction. Phased array UT works great for detecting cracks in
in-service piping and will detect the same indications that RT or
shear wave detects — porosity, lack of fusion, slag, lack of
penetration, undercut. Phased array UT was recently approved
for use in inspecting new welds in lieu of radiography. Most of
what I do is looking for cracking in in-service piping and
equipment in the oil industry. We’re not limited to that however.
The biggest thing about UT that you don’t get with radiography
is the ability to see the lack of fusion. Shear wave is much more
sensitive than X-ray and phased array is much more sensitive
than shear wave. With phased array, you can see the indication
and interpret it. On the screen, it shows you the inside diameter
and the outside diameter. Basically, it’s a side view image of the
sound path entering the part. You can tell immediately, right
from the screen, if an indication is mid-wall or connected to the
inside diameter or outside diameter. Originally, in shear wave,
you only had an A-scan. You sent sound in, it found the flaw, it
came back. The machine showed a line with a spike and you had
to interpret from that. Phased array still uses the A-scan, you
have to use the A-scan with phased array but we use it and the
S-scan simultaneously. That allows you to see all of the angles
being fired at one time. It gives you a rolled out image of what
you’re looking at — the first leg, second leg, third leg and so on.
How portable is the phased array UT equipment?
It’s as portable as conventional UT. It has about six hours of
battery life and is pretty robust. It would be difficult to hurt it. I
can put my scanning equipment and all the probes and couplant
I need in a backpack that weighs about ten pounds. My work is
pretty physical and I often wear a safety harness but I can go

anywhere I need to go; crawling pipe racks, climbing towers, or
walking staircases.
How is your inspection routine established?
It just depends. We may have an existing crack in a vessel that’s
operating. We’ll size it with phased array, determine its length
and depth and store the image. Then we’ll re-inspect it in
whatever length of time is needed. But that changes. For the
most part, the work is call out and different every day. Things
crack, things break and phased array is a fast way to figure out
what the problem is. I generally work alone but If I’m going to
be crawling around inside of something or doing hot work, I
take another person.
What’s the worst part of your work in NDT?
I travel a lot in my work — about 50 percent of the month is
spent traveling. I have a wife and a five-year-old son. They don’t
always like being pushed aside when emergency jobs come up
but they are the greatest in the world. I won’t say that I feel
guilty but I’m really good at bringing back gifts.
What’s the best part?
I’d say the most enjoyable part of my work is that I get to use
phased array UT to inspect all kinds of different materials in
ways that it’s never been used before.
You can reach Keith at Acuren Inspection Inc.,
101 Old Underwood, Building J; La Porte, TX 77571;
(281) 228-0000; email <kwilson@acuren.com>. TNT
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Go Metric
1

2

3

Crossword
Challenge:

4

6

5

7

8
9
10
14

11

12

13

15

16

17

18
19

20

SI Units

22

Across
3.
7.
8.
11.
12.
15.
16.
17.
19.
20.
22.
23.

21

SI unit of energy.
The official unit of length in the United States.
SI unit of capacitance.
Unit of volume, equal to one cubic decimeter.
SI unit for amount of substance.
SI unit of magnetic flux density.
SI unit of electric charge.
SI unit of power.
SI unit of electric conductance.
SI unit of radioactivity.
SI unit of electric potential.
SI unit of mass.

23

24

Down
1.
2.
4.
5.
6.
9.
10.
13.
14.
18.

SI unit of inductance.
SI unit of luminous intensity.
SI unit of electric current.
SI unit of force.
SI unit of frequency.
SI unit of time.
SI unit of magnetic flux.
SI unit of illuminance.
SI unit of pressure.
SI unit of temperature, an increment of
which is equal to one degree Celsius.
21. SI unit of luminous flux.
24. SI unit of electric resistance.

Using SI-metric Units Correctly

If you’ve got more questions concerning correct use of SI-metric units,
visit the U.S. Metric Association (USMA) Web site at:

www.metric.org
Answers

Across

16. coulomb
17. watt
19. siemens
20. becquerel
22. volt
23. kilogram

1. henry
2. candela
4. ampere
5. newton
6. hertz
9. second
Down

10. weber
13. lux
14. pascal
18. kelvin
21. lumen
24. ohm

10 · 07/2008 · The NDT Technician

BUT: It is correct to pluralize written-out metric unit names:
25 kilograms, 250 milliliters

3. joule
7. meter
8. farad
11. liter
12. mole
15. tesla

Here are some points to keep in mind when using SI-metric units.
1. Short forms for SI units (such as mm for millimeter) are called
symbols, not abbreviations.
2. SI symbols never end with a period unless they are the last word in a
sentence.
RIGHT: 20 mm, 10 kg
WRONG: 20 mm., 10 kg.
3. SI symbols should be preceded by digits and a space must separate
the digits from the symbol.
RIGHT: It was 300 mm wide. The millimeter width was given.
WRONG: It was 300mm wide. The mm width was given.
4. Symbols are always written in the singular form (even when more
than one is meant).
RIGHT: 1 mm, 500 mm, 1 kg, 36 kg
WRONG: 500 mms, 36 kgs
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