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FORENSIC ENGINEERING

« What happened? Evidence?

 Why did it happen? Analysis?
* Who was responsible? Basis?
* Who should have done what?

* Opinions/Interrogatories

« Depositions/Reports
« Mediation/Arbitration
« Settlement

* Tria (Last resort)
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PROGRESSIVE ROLES
REQUIRE GREAT CARE

» Specialist investigator
» Consulting expert
* EXpert witnhess



FORENSIC ENGINEERING TASKS

* Inspect & document

* Review evidence

* Measure & test
 Apply theory
 Analyze & calculate

« Communicate opinions
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INVESTIGATION GUIDELINES

1. Bring all the pieces together again

Case Example: Process Boiler Explosion

2. Question all assumptions
Case Example: Supermarket Bag Stand

3. Think through the logic

Case Example: Electric Motor Fire

4. Explain the unusual
Case Example: Black Liquor Tank Collapse

5. Demonstrate findings clearly

Case Example: Pressure Washer
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1

BRING ALL THE PIECES
TOGETHER AGAIN!
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4 March 1993, 9:46pm

Boiler Explosion
In La Porte Kills 2

By Phillip J. O'Connor

Stati Writer

Investigators combed through
debris on Friday seeking the cause
of a boiler explosion in a La Porte,
Ind., factory that killed two work-
ers and injured 11, five of them
seriously.

Inspectors from the U.S. Occu-
pational Safety and Health Ad-
ministration and the Indiana Boil-
er and Pressure Vessel Division
were also questioning witnesses at
American Rubber Products Corp.

The force of the blast sent the
boiler, which was 10 feet in cir-
cumference, flying through the
rear of the building about 10 p.m.
Thursday, knocking a 15-square-
foot hole in a brick-and-cinder-
block wall, investigators said.

Alden Taylor, a spokeman for
the state office that inspects boil-
ers, said no violations were found
when the boiler underwent its last

annual inspection, on July 29. He
said it was built in 1975 and used
natural gas.

Kenneth Haselwander, an OSHA
spokesman, said the plant under-
went a major inspection in Febru-
ary, 1992, and no wviolations of

¥,

Killed were Joan Erickson, 18
of La Porte, and Linda White, 38,
of Michigan City, Ind. They were
working in a room containing the
boiler.

The injured—all but one were
women—were working in the
same room as Erickson and White
but were farther away from the
boiler, said La Porte County Coro-
ner Barbara Huston.

Christopher Cunningham, 20, of
La Porte, who suffered burns over
75 percent of his body and whose
legs were broken, was in critical
condition at the University of Chi-
cago Hospitals.

Denise Preston, 29, of Kingsforg
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50 miles
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Heights, Ind., who suffered burns
over 95 percent of her body, and
Sue Ellen Johnson, 37, of La
Porte, who suffered burns over 80
percent of her body, were in criti-
cal condition at St. Joseph Medi-
cal Center's burn unit in Fort
Wayne, Ind.

At La Porte Hospital, Vicki
Dirks, 36, of La Porte, was in
serious condition with multiple
trauma and Bernadine Pinks, 56,
of Knox, Ind., was in fair condi-
tion with multiple trauma and
burns. Five other workers suffered
moke inhalation.

The plant, which employs about
390 people, makes rubber gaskets
for the automotive industry.
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Boiler went end-over-end through wall of building

o .‘;m\‘.u‘ .
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Took everything with it — skid, pumps, pipes and all




Burner went other way — straight through machines
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GAS BURNER
and
FRONT COVER

:

 Weighed over 500 Kg
* Propelled by steam

« Smashed to pieces

« Killed 2 workers

* Injured 11 more

« 2 died in hospital
 Everyone scalded



DA ABLLEN SKETCEH .

« Company in shock — like a family

« Gentle interviews — piecing together the story

* All loved the boiler — pressure gauge at 120 psi |

* Operating normally — no forewarning of explosion
« Wave of steam, mica and water smashed everything
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Typical “3-pass” boller
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1959

HOTO TAKEN
WHEN BOILER

INSTALLED

Lightweight wind box
Oil burner in centre

Air duct on top of blower
Blower mounted on skid

Motor mounted on skid

© HALES & GOOCH LT1D.



Installation of an I.C. Conversion Burner on your York Shipley or
Leffel Boiler which includes the following:

Lo Tl <DE2S52S gas only burner - | -
a. I.R.I. gas train and controls NeW Burner
b B ' £1 1 & :
series ame monitor . Replaced wind box

c. Full modulation, manual pot

 One big assembly
« Cantilever mounted
"~ On boiler, not skid

 Smaller bolt circle

2 Remove 0ld burner

3. Fabricate and install adapter plate

4, Ram new cone

5. Hook to existing gas and electrical

6l (Eire and tune for max. eff.
Price...............C.....Szl’gsgﬂgg
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NEW BURNER ASSEMBLY
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Reconstruction of
adapter plate bolting
at alab in Texas




_ 25 T 247"

—_————
- | e e EoL o oy B P g B N 1

TaraeT mirag
’

B e e e e e o S S P & S e P e
[ s
5~ IL e
ll =
g () I | ;
r ; b
29 3%

| <80 ——|—
| L f !
| J - i =
1 1"""'"""’“1—"" 2 -

1 L
L K 3 S
—— ¥‘_—zsu‘_ra- - . © H &GOOCHLmo:“




C. INSTALLATION

Locate the burner properly. The burner
signed for operation with the blast tube le
slightly downward. Do not tilt burner up or

swely downward Installatlon of the refractory

beblye=per =D nertoallowthe
housing to swing open for service and mainte-
nance. Figure 2-3 shows an installation with typi-
cal burner support. D63 and smaller burners may
be completely supported by the firing head flange
if the boiler front plate is strong enough. Man
boilers, including some Scotch Marine types, do
not have sufficiently rigid front plates and require
additional support under the burner base. All D84
and larger burners must have leg support, but it is
recommended that all series D burners be in-
stalled with such support. Bases under the

© HALES & GOOCH LT1D.
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CHECKING
BURNER LEG

 Flange already cut out
« Positioning difficult

« Luckily skid all there

« Boller refitted on skid
 Leg was bent but intact
« Measured accurately

% °* No support had ever
been fitted under leg!




NO BOLTING — NO SUPPORT!

(i.e. Burner was hanging from flange bolts)




SUMMARY OF PRELIMINARY CONCLUSIONS

5.1

5.2

5.3

The primary cause of the explosion was flame
impingement on the inner surface of the furnace
(Morrison) tube, leading to a catastrophic collapse
of the tube with rapid depressurization and ejection
of steam and water.

The flame impingement resulted from angular
displacement of the retrofitted burner assembly,
during otherwise normal operation of the boiler.

The angular displacement of the burner was the trigger
event in a progressive sequence of failures caused by
faulty design and manufacture of the support system
used to connect the replacement burner to the boiler.

© HALES & GOOCH LT1D.



NEW BOILER INSTALLED
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BUT THAT WAS NOT ALL!

Aug 1993 — Hales Report submitted to client
Burner installer tendered policy limit, approx $1 million

Oct 1993 — Lawsulits filed against other companies
Total claim in range of $8 — 15 million

Jul 1994 — Negotiations over Hales file and report
Client insurance “sold” it to plaintiffs for $41,433.81

Sep 1994 — Plaintiff lawyers asked to retain Hales
Declined due to conflict and “low-water cutoff” theory

Mar 1998 — New plaintiff lawyers in Washington DC
Low-water cutoff theory failed at trial — plaintiffs lost

May 2001 — New Indiana trial & Hales subpoenaed
New theory “improper inspection” — plaintiffs won




2
QUESTION ASSUMPTIONS!
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put into plastic bags
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PLASTIC BAG DISPENSER

» Supermarket wanted bag stands with 4 rolls
» Went to a fabrication shop with a drawing

* Discussed overall concept and dimensions
* Welded steel construction with hollow base
* No geometric (or dimensional) tolerances
 Verbal agreement on details and finish

» About 20 delivered and put into service.

© HALES & GOOCH LTD.
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HELP! AMBULANCE!
BAG STAND HIT 3-YR OLD GIRL

1 dpunc //5‘og,& {% L gq/’/@/ Lo #,..,mg_:;_
the //lL) dell on o 2 =Y J s ol
..ﬂf..b.@f __me, Quer.__Ner e Py, (LM Il
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=

... Hﬂg .@f//‘ LG 2& nﬁggdﬂj ﬂg Oédgﬁ, A/QMZQL

Assumption:

She must have pulled it over on herself —
or Grandma must have done something

© HALES & GOOCH LT1D.




10

11

12

13

14

15

16

10

11

Q. The stand was embedded in her skull?
A, Tt was embedded in her skull. When she

lifted it off, there was blood everywhere.

Q. Where was the blood coming from?
A, From her head, her forehead, across the eye.
Q. You said the stand just fell over on her?

A, It fell over.
Q. And as i1t fell down and struck her in the

head, what happened to the little girl?

A, She was knocked down with this across her
head, into her head, and I didn‘t know if she was
alive of dead.

She just -- I mean, she just spread out,

everything just spread out. She didn’t move.
© HALES & GOOCH LT1D.
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£

2

Let go and Pull sideways and
itrocksback ., . ! ® & |trocks over centre
3

Then it tips right
over by itself!
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HOW VERTICAL IS VERTICAL?

(when no geometric tolerances are used)

* Welder said he made stands vertical

« Store manager said they looked OK to him

» Weber’s Law: “Just noticeable difference”

« Grandma just pulled until a bag came off

* Child did nothing, but is now brain-injured

* S0, who should pay the $2 million claim?
 Lawsuit took 5 years — store + fabricator paid
» Key Issue - lack of stability in design

© HALES & GOOCH LTD.
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| Now they have a heavy circular stable base!
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THINK THROUGH THE LOGIC!

© HALES & GOOCH LT1D.



Example:

THE DRY-RUNNING BEARING

fire in a large meat-packing
refrigeration system

© HALES & GOOCH LT1D.



800 Horsepower Electric Motors

e, A ; : To Coupling

T "I:' and

S T Compressor
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. all burned up!
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| ots of different noises!

First came the rattling ...

It was a noise created by - upon starfup of the machine
of the motor it would rotate at some harmonic that the

shroud would vibrate and was causing the sound.

The nolse that we heard Wwas a thin metal no|sa.
That's tha only part in the molor 1kt & made ot of

thin meotal that would maka that nolse.

Basically, # sounded liks & rapkily shaking something
that's thin made of metal. [ wasn't a salid nolse, |

guess thafs the bast way | can desonbe i

© HALES & GOOCH LT1D.



so they contacted the manufacturer:

Ra: Start-up Resconance

pear Mr. cHEEE :

You have described a noise on a motor at
agcociated with start-up., This is a common cccurrence in
motors dus to system or componsant resgnancas, ically, a
compenent in the motor, such as an air baffle, will have a
natural fregquency at some point below the ugﬂratihg cpeed of
the motor. When the motor is started, it will pass through
this freguency as it accalerates :nulinq the component to

resonate. MNo harm is donae to the motor by this passing
resOonance,

Plsase let us know if we can help further.
Sincerely,

—m——
"--:l_.__..-l--l- {‘-rn"\H o E

sr. Prodyet Service Engineer

© HALES & GOOCH LT1D.



Then came a surging noise ...

And at that time | did a vibration analysis of tho

malar, ook vanous eadings on opposite drivia and and
drive end bearings and Eslanad 1o it with a stethoscopss

A I've used a screwdriver before as a stethoscope.

Q Tell me how you do that,

A Stick a screwdriver in your ear and put the sharp point
against the body of the machine.

Q See, I'd never do that, because I'd use the wrong end.
Did you use a screwdriver to listen to the motor?

A No.

Q And where did you leam to use a screwdriver as a crude
stethoscope to listen in on a motor?

A Just watching the other mechanics.

© HALES & GOOCH LT1D.



but it wasn’t like a failing bearing:

Q How does it sound when bearings are going out?
A It's rough and it's like gravel, gravelly.

Q Sort of a grinding?

A Yas,

Q Continuous?

A Continuous.,

Q Not a surging?

A No.
So what did happen?

© HALES & GOOCH LT1D.



; Many Expert Opinions!

The following opinions are baged on my 55 years exparience.
training arnd engineering education, particlarly aspplied to tha
design, develop@ont, construction, testing, installation and
operation of heavy duty rotating equipment.

, ©&. The noise reported in Unit #3 wa= most probably
foreign-ob Eﬂt;m £ i established during the motor
u ur the initial ubs
start-=upg of the unit. i and = equent

2

This catastrophic motor failure was caused by improper alignment of the motor shaft to the
compressor shaft. Misalignment of the motor to the compressor caused excessive vibration

in the motor, extreme overheating, lock-up of the drive-end bearing, and malformation of the
shaft.

During the failure process, the motor vibrated, causing wibration in the entire Compressor
Unit. Vibration caused the oil circulating under pressure inside the compressor unit to spew
out, contact the extremely hot motor, and ignite a fire that eventually spread to other
combustibles.

© HALES & GOOCH LT1D.



3

Based on nearly 30 years of desgning and testing Thomas and competitive flexible disc ...
torust loads on the motor shafi. Therefore, coupling misali wis not a contributor to the
motor beanng faihure. .

A

neglgent for failing to properly align the motor to the compressor;

5

Mot having wrillen emergency operations instructions contributed to this fire.

6

The 800 harsepower motor is not a likely primary cause of the surge neise reported
.- urge was most likely a change in motor speed as a result of a change in torque

© HALES & GOOCH LT1D.



7

The noise emanating from Compressor Mo, 3 tor many hoars
immediately prioe to the fire was not associsted/comelated with
the fact that Compressor Mo, 3 required additional work on the
caupling connecting motor and compeesiog

——————— A mrar @
W me cmE s

r&vie::.i' of this information, and my more __fhéﬁ_i;hirtf years
experience in the field of refrigeration, I have arrived at
aplnipns reg;rd:.ng thf-,- behavior and performance of the parties

el - B

9

motor protection systﬂm'nn Compressor Unit 3 failed to function as intended

None correct!

© HALES & GOOCH LT1D.



B. Motors with Automatic Grease Drain

To relubricate bearings, add new grease until clean grease flows from the drain (drain is
behind the grill and is automatically activated by the regreasing operation). Grease
accumulations at drain should be removed to prevent grease entering the motor. Excess
grease in bracket reservoir will be automatically purged whila motor is running.

6
2

1

4 1. MOTOR BRACKET
3 2. BEARING CAP

3. BEARING
1 4. UPPER GRILL

9.

6. GREASE Fi
7. GR

Bearing Shroud

(GREASE D H.ﬁ.[Hs HERE) © HALES & GOOCH LTD.



Non-Drive End Shroud
Drive End Shroud

Drive End Shroud

© HALES & GOOCH LT1D.



Drive End Shroud
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Demonstration of surging noise from dry running bearmg

1972 Jaguar E- Type alternator idler puIIey

(mounted on stick and spun by hand — “‘wow, wow, wow!”)

Attorneys heard it in deposition!
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Summarz

Lots of parties already had done inspections
Lots of theories - none explained all evidence
Lots of testimony on noises - not analyzed
Lots of bits kept in storage - shrouds ignored
Noises told the whole story

Shrouds and bolts provided evidence

Logic sequence provided explanation

Case settlement shortly after deposition

Flawed Embodiment Design

© HALES & GOOCH LT1D.



A
EXPLAIN THE UNUSUAL!
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Example:

ONE SINGLE DATA POINT



Woomf ... and over she goes!
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Plant Problems

Black liguor used as fuel for bollers:

* Hot black liguor by-passing flash tanks
* Flashing steam in storage tank

» Tank not a pressure vessel

* Rapid corrosion — thickness below min.
 Stirrer not working — stratified liquid

© HALES & GOOCH LT1D.



Maintenance Approach

» Keep patching until next budget

* Check wall thickness - ultrasonics

« Calculate life on "average” thickness
* Weld patches over failing areas

Tank gave way:
workers engulfed by hot black liquor

© HALES & GOOCH LT1D.



Top half fell into bottom half




Torn off all the way around




Cut it all up!




Wow, look at that!

Wall thickness corroded from 0.500" to 0.020" here!!

© HALES & GOOCH LT1D.




Hey. look at that!

© HALES & GOOCH LT1D.




Investigation of Cause

 Plaintiff focused on thickness measurements
* Metallurgical samples taken as evidence

But, analysis of measurements showed:

* Plant did not analyze data in detall

» “Averaging” calculations not to AP| Standard
« Data showed consistent pattern

« Pattern showed accelerating corrosion

© HALES & GOOCH LT1D.



NORTH BLACK LIQUOR TANK

Height
( feet ) ULTRASONIC THICKNESS EXAMINATION ON MAY 22, 1996
60 Metal Loss
[\ — \[\ (inches)
/] _— N\ Jj 0.30 to 0.35
50 et >
— [ .0.25 to 0.30
[l L i J
e = — .0.20 to 0.25
40 B s .0.15 to 0.20
_| [7] 0.10 to 0.15
[]0.05 to 0.10
30 []0 to 0.05
Thickness Greater
20 Than Nominal
(inches)
[]0 to 0.05
10 D0.0S to 0.10
.0.10 to 0.15
0.15 to 0.20
075 .
0 30 60 90 120 150 180 210 240 270 300 330 360

Circumferential Location (degrees)
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NORTH BLACK LIQUOR TANK

Height
(feet) ULTRASONIC THICKNESS EXAMINATION ON NOVEMBER 19, 1996
60 _— Metal L.
= = —— s
/ — | 7
r [l 0.30 to 0.35
50 \f"‘
1 [l 0.25 to 0.30
” [l 0.20 to 0.25
40 . 0.15 to0 0.20
[ 0.10 to 0.15
[]0.05to 0.10
30 []0t00.05
Thickness Greater
20 Than Nominal
(inches)
[]oto0.05
10 []0.05to 0.10
[ 0.10 to 0.15
075 [} 0.15 t0 0.20

0 30 60 90 120 150 180 210 240 270 300 330 360

Circumferential Location (degrees)
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Analzsis of Evidence

* Accident reports

* Tank drawings

* Photographs

* Pressure transducer data

« Wall thickness measurements
* Demolition map

* Deposition transcripts

© HALES & GOOCH LT1D.



Analysis of Data

Black liquor flow history — pressure transducer
Rapid swings In flow rate — pressure transducer
Flows during tank failure — pressure transducer
Mass and energy balance — pressure transducer

API| Standard 650 compliance — wall thickness
API| Standard 653 compliance — wall thickness
Calculations of stress in wall — wall thickness

© HALES & GOOCH LT1D.



‘Liquid Level In Tank

| 45 6 ft. jUSt before fallure e
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~ Pressure Transducer Data
... During and After Failure

“Pegged” at 60 ft.

LLLLL

..........................................................

N RN i 18.5 ft. after failure

. e |
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PRESSURE
TRANSDUCER
DATA

Show tank filling to 45.6 ft
then a sudden drop to 18.56 ft
followed by a max spike to 60 ft

Pressure transducer operating
correctly - confirmed by data on
liquid level in tank after failure.

The Key!

9.946

18.56
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Results of Analysis

« Tank did not fail from overpressure

* Three unusual things identified:
— Black liguor in tank at time was superheated
— Rapid pressure drop followed by pressure spike
— Pressure trace matched time constant of event
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WAS IT A “BLEVE”?

(Boiling Liquid Expanding Vapor Explosion)

Characteristics of a BLEVE:

« Confined liquid in tank engulfed by fire
 Liquid gets superheated and pressure rises

* Pressure relief too slow to match increase

« Tank weakened by heat, can’t take pressure
 First failure in tank sets off “rarefaction wave”
 |nstant vaporization of superheated liquid
 Instant pressure spike and shock wave

* Explosion!

© HALES & GOOCH LT1D.



TAME BLEVE RESULTS

These experimends repested ose dene by McDevitt of af (red 100 with the
addition of the dyramic resposse pressuse trarsducer. Consequently, fhe citoome
was predictable. This allowed collecsion of pressare data undaer conditions where
in which a BLEVE was assured.

The emperafures at which the senks were punchured wore somewhat
macourate due o e natare oF the test [k was not possible o have & Wmperabare
indication ak & remoke Josatiem, 50 it was necessary for someens o remain near the
tank {but behind the blast walll 1o read the temperature, Onoe the desired
femperature wad reached, thet person moved I a "pale” ared.  The Probecive
Services person then fired dnto the fank. Dus b3 e Hme between the last
temperature readicg and the rupiuse of the tank, the exact temperature at the dme
af rupdune is esticnated.

Figure 2 shows the pressure-time history as mecorded by the transdocer at
the end of the bank. The flud nside the ienk was 579 g (B v%) or B2, which
wai beated bo approdmately &8 . The pregauee inside the fnk ar this
temperature would be 2700 kPa.  As can be seen from the fgure, the pressure
dropped slightly, then rose to & maxdmum of 3500 LPs. This result shows that the

3500
—~ 3100 | I,l
0, |
.\_—:_ 2700 S !
. W
2300 + !
|
S g0l 1"h|
.~ i 1 y
1500

time {ms})

Figure 2: Pressuse Respanse during a BLEVE of R22 in a 1 Litre Tank

REVIEW OF
REPORTED

RESEARCH
DATA
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CAUSE OF FAILURE

Boiling Liquid Expanding Vapor Induced Shock *
(BLEVIS)

* New term, coined to describe phenomenon

© HALES & GOOCH LT1D.



BLEVIS

(Boiling Liquid Expanding Vapor Induced Shock)

Characteristics identified:

Liquid enters tank at fast rate and boiling
Superheated liquid trapped in tank

Tank weakened from corrosion, not from heat
First failure in tank initiates “rarefaction wave”

Boiling causes instant vaporization, pressure rise and
shock wave

Tank collapses immediately, without explosion.

© HALES & GOOCH LT1D.



Supporting Evidence

Meets the 3 criteria for this type of failure:
— Liquid above boiling point in confined space

— Triggering event with shock wave

— Weakened structure unable to take shock load

Big leak just prior to failure == slower fill rate
Defined pattern of liquor on roof

Tank collapsed inwards first, not outwards
Failure of anchor bolts and agitator drive

No eye withesses (rapid time-constant)

© HALES & GOOCH LT1D.



summary

Claim of poor measurements proved false
Plant side-stepped warnings given by data
High risk operation dependent on failing tank

Thickness issues switched to process issues
Single data point was key to what happened
Metallurgical analysis irrelevant

Case settled after presentation to attorneys

© HALES & GOOCH LT1D.



DEMONSTRATE IT CLEARLY!
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Example:

THE HIGH PRESSURE WASHER



LAB TECHNICIAN LOSES EYE

- Water/Sewage Company - Indiana

* New pressure washer — 3700psi|

* Operator using it to clean clarifiers

» Turned off and put in back of truck

» Driver went to unload at building

* Asked lab technician to help

* She helped him lift unit out of truck
* Spray gun shot her in the eye

© HALES & GOOCH LT1D.



THE ACCIDENT - Plaintiff

“When we set it down, there is a hose
attached to the unit that goes to the wand,
the machine was not on, the machine was not
hooked up to any hydrant. It was just by
itself. And as | was starting to stand up, the
wand - -the hose was beneath my feet, and |
was still bent over and Jimmy was still bent
over. And to get out of my way, he moved
the wand and the next thing | know It fired.
| didn’t see anything. It just went off.”

© HALES & GOOCH LT1D.



THE ACCIDENT - Driver

“We were pulling it out of the back of the
tallgate. We set it down, the wand had fallen off.
| went to pick it up, and when | picked it up, |
picked It up by the handle, and boom, It just went
off and got her right above the eye.”

Question: “How high did you lift it off the ground
before water discharged?”

Answer: “I want to say maybe two or three feet
maybe.”

© HALES & GOOCH LT1D.



Question: “And in what direction at that point was the
nozzle end, the end that the water comes out of, of the
wand facing?”

Answer: “Away from me. It was up towards the air.”
Question: “At the time the incident happened, you had
gotten the wand two or three feet above the ground?”
Answer: “Well, the back part, yes. The handle part.”
Question: “So you’re talking about it being oriented In
an upward pointing way?”
Answer: “Yes.”

© HALES & GOOCH LTD.



THE ACCIDENT - Manufacturer

Question: “When our pressure washer, when it is
operated and then the engine’s shut off and the
water hose disconnected, there remains residual
pressure, until you squeeze the trigger?

Answer: “Yeah. Until you purge the gun, there is
trapped pressure in the hose, correct.”

Question: “If you had a flow-actuated unloader that
would not be the case though, would it?”

Answer: “That’s correct.”

© HALES & GOOCH LT1D.



MANUFACTURER’S DESIGN PROCESS

« Structured on series of design reviews

« Specialty items purchased complete

e Use of industry-proven components

* Prototype testing against specification

* Testing to meet applicable standards

* Records kept on all testing

» Flow-actuated unloaders found unreliable

GOOD, BUT PLAINTIFF’S EXPERT OPINION:
“Should have had a flow-actuated unloader”

© HALES & GOOCH LTD.



INSPECTION OF
EXEMPLAR UNIT
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TRIGGER TESTS WITH POWER OFF

* 4lbs to squeeze trigger without water pressure or pump

* 5|bs to squeeze trigger with water pressure on but no pump
« 25lbs to squeeze trigger when operating with water & pump
« 25Ibs to squeeze trigger first time pulled after motor shut off
* 4lbs again once water pressure released from hose when off
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e R i e

SQUIRTING TESTS WITH POWER OFF

Machine operating under full pressure
Machine shut off S SRR S« A
Nozzle inserted into container o
Squeeze trigger to release pressure
Measure volume of water released

Results: 56ml = 3.42 cu. Ins.
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HOSE TESTS WITH POWER OFF

* High pressure hose — heavy duty wall thickness

e Difficult to coil even with pressure off — “springs back”

* Lot easier to coil when disconnected from machine & gun
 When pressurized near impossible to coil on hooks

* Hose twists to form “figure-of-eight” when pressurized
 Hose has to be rotated to continue coiling

« Easiest way to overcome problem is to squeeze trigger
 When pressure released then much easier to coll
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INSPECTION OF ARTIFACT UNIT
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HOSE & GUN

High Pressure Hose —
Connect one end to the
water pump and the other
end to the spray gun.

Spray Gun — Controls
the application of water
onto cleaning surface
with trigger device.
Includes safety latch.

© HALES & GOOCH LT1D.



ENGINEERING DESIGN PROCESS:
SAFETY HIERARCHY

1. Eliminate the hazard and/or risk
2. Apply safeguarding technology
3. Use warning signs

4. Train and instruct

5. Prescribe personal protection

© HALES & GOOCH LT1D.



CHECK ON PRESSURE WASHER DESIGN:

SAFETY HIERARCHY — LEVEL 1
Eliminated hazard and/or risk by design? J

 Hose twists up and can’t be coiled under pressure
* Gun points to ground when picked up by handle

* Trigger guard prevents hitting trigger

* Trigger hard to squeeze when hose pressurized

« Additional force required to point gun upwards

© HALES & GOOCH LTD.






CENTER OF GRAVITY — GUN + HOSE

-

PV1196

5 EA R Th

© HALES & GOOCH LTD.



CHECK ON PRESSURE WASHER DESIGN:

SAFETY HIERARCHY — LEVEL 2
Applied safeguarding technology? /

* Trigger guard geometry protects trigger
* Trigger lock placed in natural position

* Projections on lock assist easy use

* Over-center geometry with detent action
 Hose couplings locked when pressurized

© HALES & GOOCH LTD.



TRIGGER LOCK — STOWED POSITION




TRIGGER LOCK — USING PROJECTIONS
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TRIGGER LOCK — LOCKED POSITION

g
N
5
S
Q
e
m
T
©)




CHECK ON PRESSURE WASHER DESIGN:

SAFETY HIERARCHY - LEVEL 3
Warnings Erovided?

 Hose won'’t coil when pressurized

« Spray gun won'’t stay in hooks when pressurized
 Hose connections locked when pressurized

* First notice on box is “3700psi”!

 Hose couplings locked when pressurized
 Warning tag on machine

« Embossed warning on the handle of the gun

© HALES & GOOCH LTD.












WARNING

AT INSTRUCTIONS
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WARNING TAG ON MACHINE
Remove This Tac

“ADANGER

Resk of hre or explosuon Gasoline vapg
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CHECK ON PRESSURE WASHER DESIGN:

SAFETY HIERARCHY — LEVEL 4
Training and Instruction?

« Warning on gun tells operator to read manual
 Manual instructs operator to read manual!
 Manual instructs use of trigger to release pressure
« Warns user never to aim spray gun at people

* It adds a caution regarding the trigger lock

* Relieve pressure in hose after turning off engine

* Trigger must be squeezed to relieve pressure

e etc., etc.
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MANUAL - Instructions & Warnings

A WARNING

The high pressure stream of water that this
equipment produces can pierce skin and its

underlying tissues, leading to serious injury and
possible amputation.

MEVER aim spray gun at people, animals or plants.
DO NOT allow CHILDREM to operate pressure washer

MEVER repair high-pressure hose. Replace it with an
equivalent rated hose.

Keep high pressure hose connected to pump and spray gun
while system is pressurized.

« MUMNCA apunte la pistola a la gente, animales o plantas.

+ NO permita en ningiin momento que NINOS operen la miquina

« MNUMCA repare la manguera de alea presion. Remplacela.

* Mantenga conectada la manguera a la maquina o a la pistola de

A ADVERTENCIA

La corriente de agua de alta presion que produce
este equipo pueden perforar la piel y sus tejidos

profundos, ocasionando lesiones serias y posible
amputacion.

lavadora a presidn.

rociado cuando el sistema esté presurizado.

Check Gun and Nozzle Extension

Examine the hose connection to the spray gun and make

sure it is secure. Test the trigger by pressing it and making
sure it springs back into place when you release it. Put the
safety latch in the on position and test the trigger. You
should not be able to press the trigger.
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CHECK ON PRESSURE WASHER DESIGN:

SAFETY HIERARCHY — LEVEL 5
Personal Protection EguiEment? /

*Goggles supplied with machine
‘Manual recommends wearing goggles
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PRESSURE WASHER DESIGN

Company hardly realized it but in fact
design followed Safety Hierarchy:

* Eliminate hazard and/or risk by design
* Apply safeguarding technology

* Provide warnings

* Train and instruct

* Prescribe personal protection

Case settled quickly
as design not at fault

AN 5 SN
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FORENSIC INVESTIGATION
GUIDELINES

1. Bring all the bits together again
2. Question all assumptions

3. Think through the logic

4. Explain the unusual

5. Demonstrate findings clearly
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