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This presentation will cover:
* Risk register
* Recommendations (gap lists and registers, Process route map)

« Costs summary




Sheet1

								ID		Date raised		Risk 		Risk description		Likelihood		Impact		Servirity 		Mitigation action																Probability		5		5		10		15		20		25

								1		7/22/26		Intense vibration		Can cause nerve damage and blood vessel loss		2		4		8		Add vibration isolation like rubber pads to controll the level of vibration																		4		4		8		12		16		20

								2		7/22/26		Electircal shock 		When handling with eletrical application or live wires in motors		3		5		15		Where PPE like gloves																		3		3		6		9		12		15

								3		7/22/26		Stored energy release 		rotational forcoes can discharge instantly		3		5		15		Eltrical proof clothes																		2		2		4		6		8		20

								4		7/22/26		Physical injuries toward the body		lifting heavy equipment can cause back or spinal pain		4		4		16		Supervise and plan ahead																		1		1		2		3		4		5

								5		7/22/26		Slip and trips 		due to liquid on floor can create head injuries		5		3		15		Place warning signs 																				1		2		3		4		5

								6		7/22/26		Noise risk 		when testing is done on generators and motor		2		4		8		Where headphones for ear protection																		Impact

								7		7/22/26		Heat exchanger pressure 		If failure pressure can burst causing parts to burst violently		2		5		10		Follow Lock out, Tag out

								8		7/22/26		confined space 		Harmful gases and increase chance of fire in the workplace 		4		4		16		Isolate equpment and have fire extinguishers nearby

								9		7/22/26		working at height 		when using forklift accidents can occur if standing on it		1		5		5		where harnest or be supervised

								10		7/22/26		Cuts towards limbs or hands  		sharp items 		3		3		9		Where gloves and appropriate boots

								11		7/22/26		Incomplete design 		can disrupt the rest of production		2		5		10		Complete desgin fully

								12		7/22/26		inappropriate standards 		can meet and follow the required legistlation like environemental protection act		2		3		6		Follow iso laws and regulation including environment

								13		7/22/26		Component  missmatch		Like poorly fitted magnetic wedges can cause further mechanical and electrical failures		4		5		20		take extra precaution and order more

								14		7/22/26		incorrect material tolerances		insulation breakdown and rapid wear		2		5		10		preplan 

								15		7/22/26		Payment delays		disrupt and cause problems to cashflow 		2		3		6		push for payment as soon as possiblle if not decline the offer

								16		7/22/26		Cost overruns		if passed budget the project will most likely be unacceptable		1		4		4		set a reasonable budget, give reminders and look for the best quality and affordable product

								17		7/22/26		Task completion 		delay in task completion can shift all other process and task times		5		5		25		Set goal and due date

								18		7/22/26		Limited labor		less activity can increase production times		5		3		15		Hire and interview qualified engineers

								19		7/22/26		lack of equipment skill		Creates more defcts and can potentially harm others		1		5		5		Provide Training

								20		7/22/26		Broken equipment		Costly downtime,more waste in time		4		4		16		Replace and do routinal maintenance

								21		7/22/26		Delivery delays		Unexpected delivery delays can cause problems towards production not getting material or equipment on time		4		3		12		Have  a back up plan
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Recommendations

This section will include:
* Equipment register
* Required skills & training list

* Equipment gap list




F.quipment register
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Figure 1. Equipment Register including Gaps and costs




Process Skills:

Mo. of skilled
workers

Training reguired:

Potential providers:

Rotor Winding —
both induction
squirrel cage and
generator rotors

Intermnally developed
skills st through
apprenticeships
and in-houss
training

City College Morwwich
REAGIT

High Speaed amnd
Low Speaed
Dwrnarmic
Balancing

Intermal arnd
extermnal training of
operating
eqquiprment

Hoffrmamnm

Scheaenk

IR

Dynamic Balancing

Stator Winding —
Eoth rmush winding
and concentric
diarmond winding

Intermnally developed
skills st through
apprenticeships
and in-housse
training

City College Morwwich
REAGIT

Impregnation of
Stators/Exciter
Armatures

Traimed on qualified
imsulation systems,
imternal procaesses
of various
imnsulations systems

In-house
Intersolutions
AEW

HY Electrical

External training

In-house

To be investigated (usinNg
equipment such surge testing.
Flash testing, Megger sets])

courses on the use
of HYW equipment —
Related to HES

Testing

CcCourses AR/ Maegegaer
HE&S —related courses
Mechanical Intermnally developed City College Morwich
Assaermibly skills set through REAGIT

appeprenticeships
and in-housa
training

Intermally developed
skills st throusgh
apprenticeships
and in-houss
training.
Additional wiring
certification
Assaemibly of purge
units, IN-stage
testinsg and Tfimal
sigmnm-ofT

Electrical
Assamibly —
imncluding
ternmimnation of
aLxiliary
equipnment

IPC-S20 Harmess Wiring course
COMPEX installation

FPurge Assembly & Ex certification

Testing




Fquipment gap list

GAP LIST PRESENT WHAT’S PROCESSES WHATS
SCOPE EQUIPMENT NEEDED TO STAGES NEEDED TO
OVERCOME THE OVERCOME
GAP THE GAP
1 Purge pressurised Hydrogen brazing
system test
2 Implementation of | Vacuum Painting facility Gap filling
VIP system pressure
impregnation
3 (5,10,30 Ton) Lifting heavier if Preload band
lifting crane necessary
capabilities
a4 Loop machines Small wire
winding
5 LV auxiliary Max is 355KW so High voltage test
DRIVER (315KW raise the max
pony motor)
6 HV auxiliary Driver | Produce a higher
(7000KW) max power for
(6000V-15000v) motor so its
flexibles
7 Insulated
hydraulic

compressors




		GAP LIST SCOPE

		PRESENT EQUIPMENT 

		WHAT’S NEEDED TO OVERCOME THE GAP

		PROCESSES STAGES



		WHATS NEEDED TO OVERCOME THE GAP



		1

		Purge pressurised system

		

		Hydrogen brazing test

		



		2

		Implementation of VIP system

		Vacuum pressure impregnation

		Painting facility 

		Gap filling



		3

		(5,10,30 Ton) lifting crane capabilities



		Lifting heavier if necessary

		Preload band

		



		4

		Loop machines

		

		Small wire winding 

		



		5

		LV auxiliary DRIVER (315KW pony motor)



		Max is 355KW so raise the max

		High voltage test

		



		6

		HV auxiliary Driver (7000KW)

(6000V-15000v)

		Produce a higher max power for motor so its flexibles

		

		



		7

		Insulated hydraulic compressors
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FEquipment gap list

Make & Model

Electrical
equipment

Multimeter

Insulation
tester

Agilent
oscilloscop
e

AmMmeter

Castle noise
meter

Digitron
pressure
indicator
Manometer

problem

High
current,
low voltage
variable

supply

Unrecorde
d dead time
intervals
between
waveforms.

Fluke 1587

RS PRO RS5505

U1602A-S

CcM87 AC Clamp

MK141 & calibrator

S.No.510519498RC

/

RS-8890/

capacity

Insulation
resistanc
eupto4d
GO

200
MSA/S
max
sample
rate

True RMS
O.1A to
1500A
25 dB to
140 dB

_Max
Pressure
capacity
is0.137




		Gap list scope

		Electrical equipment

		problem

		Make & Model

		capacity



		High current, low voltage variable supply

		Multimeter

		High current, low voltage variable supply

		Fluke 1587

		_



		

		Insulation tester

		

		RS PRO RS5505

		Insulation resistance up to 4 GΩ



		

		Agilent oscilloscope

		Unrecorded dead time intervals between waveforms.

		U1602A-S

		200 MSA/S max sample rate



		

		Ammeter

		

		CM87 AC Clamp

		True RMS 0.1A to 1500A



		

		Castle noise meter

		

		MK141 & calibrator

		25 dB to 140 dB



		

		Digitron pressure indicator 

		

		S.No.510519498RC/

		

	_



		

		Manometer

		

		RS-8890/

		 Max Pressure capacity is 0.137








Plan analysis section

* This section will include the process route map referencing and using the MRB and G4
report as its primary sources. This shows 15 process stages starting from intake to ending
with despatch, this will include stages like General, ongoing, machine deterioration,
machine failure, review, review report and identify replacement parts and provide quotation
against scope, does operator hold stock of the part, G4 generator, MRB stator and cooler,
stator replacement, 2x going through root cause analysis, and lastly ready for dispatch.
There will be a root cause analysis process three time during this project so that the main
problem and replacement can be identified and performed.

» The goal of this process route map is to give an ideal plan to PPI Engineering to go through
required repair and maintenance.




Process route map

PI Engineaering will rewview & report
s TTE— on condition of the generator and
Turbine | can determine likely life remaining

of asset or reguires serwvice
intervention. For example using
COnlimne PD testing kit will show the
degradation of internal isulation
breakdown owver timeae

+

3 hachine

Primary sources: MRE &
G4 report

w

I
1) General

] Dreterioraticon
e E | | Making sure the -
s | || roliowing
Provide with PPE. Handling with | | generator
. - ] .
staff tralnlng electical hazards. | ] =a uipment is = Hydraulic Bolt Tensioners & Torgue Wenches
SAP (designated | | |isolated ready for . Casing Bolt Induction Heaters
person for isolation) | L - Dial Indicators & Feeler Gauges -
— ] Rotor Earth Faul (REF) Monitors
ol ‘\\ . Partial Discharge testing = O Turbimne = O Turbine
/ Stator checho, - Bespoke Lifting & Assembhy Tooling = -
i Rotor checks - Shut down the rr p,;evinta'tlv?
- Cooling check =sCcihamica
\ Systems checls | 5tn_arr‘| Maintenance:
'-x . Controfliers [/ - Inspections & ' :
\:\ Bearing {:he{c‘.?' Diagnostics (falignment
i - - checks and
2) Ongoing — - MMechanical 8 I
Electrical bpea En )
FRefurbishment Stator agnd
- rotor rewinds for Botor
Z2-pole turbo- Revrinds
................ : S I N SRR - generators - Electrical
Work with operator to review and | System
recommend on condition monitoring | Checks
and preventative maintenance regime |
for generator and associated equipment. |
P, M— | 'I
Condition Preventative
Mlonitoring Mamtenance
L | b
E L4 4% Machine
Thermography {Thermal Flanned Testing & Diagnostics failure

Mechanical Aignments
El=ctrical Troubleshooting:
Componsnt Repairs &
Refurbishment
- Retrofiting and Commissioning
- EBearing inspections
. Internal plates greasad

Momnitoring) :
Partizl Discharng= (FLY .
Moniboring
“Wibration analyss
Rotor Earth Fault Detection:

RCA - Route “e—

Cause
Anahysis




Carry ouf a failure
repors in order

Process route map

stated below: —  OJReview —
D aln:éilﬁcs | OnTurbine i | Offturbine
g repair : repair
- As received report
Mec.lrr nlcalland with photos of G4
|HS;;::;” ; generator and stator
: and cooler
Yes : No
\ = List
Root Cause .
Identification : Review customer failure report
— = - : External Visual Inspection
E;ge\ggsll'gjg Replacemem Agree costs! work scope with operator:
Upgrades parts required
Dimensional
Site access by 1. Long-Term Service Main
getting Permit Agreements (LTSA) CF/_——;:' considerations
to Work W R S Static Electrical
(T&M)
3 Standard Payment
Terms Sirip and mechanical
dimensional check
Produce RAMS
Testing Requirsd after Undertake work N;szlllesiri?emqgl l
s underzken scope qsire 6) Review report and identify replacement parts
required and provide quotation against scope
completion of _
report 7) Does aperator hold stock of the part

Handover —‘

|

' Equipment testing & commissioning
+ Transfer of detailed reports including the root
causes of prior issues, specific actions taken
(such as rewinds or part replacements), and
updated technical drawings.
Operational sign- off

10) Stator
replacement

Review and possibly
redesign if design
creates problems or
fallures

Inspect and remove the
tator core and modify i

Stator failure

Winding failure in
stator slot

REQUEST fiep It not previously re-
. engineered proceed
3508 with re-engineering
pracess
Determine make
vs buy
Use approved
supply chain fo Make
source
+8) G4 generator
In order
Procure raw materials

Identiy any tooling requirement

Produice manufacturing procees
planning & works order

Manufacture parts

Inspect
3end to store

Heat exchanger
removal

Dismantfing
NDE & DE

9) MRB stator
and cooler

In order

Procure raw materials
Identify any tooling requirement

Produce manufacturing procees
planning & works order

Manufacture parts

Inspet
Send to store

Disassembly

!

Issue kit for
rebuild




w

Generator rotor
extraction

Issue kit for
rebwuild

h

Install new
stator, heat

exchanger

r

Test-witness if
necessary

w

vibration
analysis,
electrical test log

w

FPaint generator

r

Commissioning

|

11) Go through
roct cause
analysis

Process route map

Replace stator
winding and
cooler

|

Test-witness if
necessary

-

NMo-load saturation test, A C. high
voltage test and resistance of winding,
use this result for further commisioning

and installation.

dispatch

!

Reinstallation

w

Commissioning

12) Go#h rough
Root Cause
analysis
process again

. 13y Ready for




Cost summary

Name of expenses Total costs
Equipment
£225,138.31
Training
£6350.80
Subcontracted work
?
Facility modifications
£0

Total costs
£231,489.11




Conclusion

Overall, during this project there has been issued with several unknowns and
challenges when investigating cost of equipment and being able to plan all proposed
investigation and operations to repair and maintain 53.6MW class offshore wind
generators, however PPl engineering has been able to successfully find the solution for
this case by being innovative as proven by the report to be able to carry repair and
replacement whilst using free space for production.




References

AAA Testers. (2026, July 28). Agilent U1602A Handheld Oscilloscope 20MHz 200MS. Retrieved from AAA Testers: https://www.aaatesters.com/agilent-u1602a-
handheld-oscilloscope-model-u-1602a-agilent-1602a.html

Fluke. (2026, July 28). Fluke 1587 Insulation Tester, 50 V Min, 1000 V Max CAT IV, CAT Ill, RSCAL. Retrieved from RS: https://uk.rs-online.com/web/p/insulation-
testers/2821762?cm_mmc=UK-PPC-DS3A-_-google-_-3_UK_EN_Test+%26+Measurement_Insulation+Testers-_-Fluke+-+2821762+-+FLUKE+1587-_-
fluke+ 1587 &matchtype=e&aud-2390734082361:kwd-1689408883&cq_src=google_ads&cq_cmp=12690

Granada Cranes. (2026, July 28th). 20 Ton Overhead Gantry Cranes. Retrieved from Granada Cranes: https://granada-cranes.co.uk/our-cranes/onshore/industrial-
cranes/overhead-gantry-cranes/20-ton/

Martindale Electric. (2026, July 28th). CM87 2000A AC/DC True RMS Clamp Meter. Retrieved from Martindale Electric: https://martindale-
electric.co.uk/product/cm87-2000a-ac-dc-true-rms-clamp-meter/

Raptor Supplies. (2026, July 28th). OTC TOOLS 1806A Load Rotor Sling. Retrieved from Raptor Supplies:
https://www.raptorsupplies.co.uk/pd/otc/1806a?srsltid=AfmBOooD_CHWHdWMTjxyAldmbwfYkgrbStZuEdDquRuVdXjskNUAJt-_

RS PRO. (2026, July 28th). Pepperl+Fuchs Process Automation 1002-WPS-CI-YZ-LH Purge & Pressurization, Rapid Exchange Purging System, Type Y & Z, 513171.
Retrieved from RS: https://ex-en.rs-online.com/product/pepperl-fuchs-process-automation/1002-wps-ci-yz-lh/70526072/

RS Pro. (2026, July 28). RS PRO RS5505 Insulation Tester, 125 V Min, 1000 V Max, 4000 mQ CAT Ill, RSCAL. Retrieved from RS: https://uk.rs-
online.com/web/p/insulation-testers/1231969

RS PRO. (2026, July 28th). RS PRO RS-8890 Manometer With 2 Pressure Port/s, Max Pressure Measurement 0.137 bar, RSCAL. Retrieved from RS: https://uk.rs-
online.com/web/p/manometers/1445343

SafetyLiftingGear. (2026, July 28). 17750kg Adjustable Aluminium Lifting Beam x 4mtr. Retrieved from SafetyLiftingGear:
https://www.safetyliftingear.com/products/1750kg-adjustable-aluminium-lifting-beam-x-4mtr/lift-beam-trb-kit-4m?srsltid=AfmBOooUd4zNhBHa600PeQdA6-
FPWIIX5sALAfrZD4RH7-bsUyQ5jvyD

Toolstation. (2026, July 28th). Milwaukee M18GG-0O Cordless Grease Gun Body Only. Retrieved from Toolstation: https://www.toolstation.com/milwaukee-m18gg-O-
cordless-grease-
gun/p478047store=null&utm_source=googleshopping&utm_medium=feed&utm_campaign=googleshoppingfeed&gad_source=4&gad_campaignid=22664293152
&gclid=EAlalQobChMI_5r925P1I1QMVIZhQBhO3NwIEAQYAIABEgKTIfD




T’hank you tor listening,
any question?
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