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Agenda

• Do	ESPs	run	longer	on	VSDs	or	switchboards?
• Our	operating	environment	is	worse	than	other	industries
• Why	are	we	not	applying	other	industry	learnings
• Common	problems	and	fixes
• Do	we	need	a	spec	for	downhole	power?

– What	would	it	cover?
• Open	discussion
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Do	ESPs	run	longer	on	VSDs	or	switchboards?

• What	is	your	experience?
• In	2004	worked	on	a	project

– ESPs	producing	over	10,000	bfpd	with	high	HP
– All	had	runlives	1000	days+
– All	on	switchboards	
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VSD	and	harmonics

Copyright © 2012 Rockwell Automation, Inc. All rights reserved.

What a VFD input/output voltages and currents looks like

3.75MVA
460V
5.75%

M

VLL @ Drive

VLL @ Motor
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Our	operating	environment

• Extremely	long	cable	lengths	voltage	drops	vs	current	increase	reflection
• Long,	smaller	diameter	conductors,	limited	insulation	(5kV)

– Connections	(splices	and	pothead)
– Flat	cables

• Long	thin	motors	(vs.	short	and	fat)	
– Long	thin	motors
– No	space	for	added	insulation
– No	insulated	bearings
– Multiple	rotors	and	bearings	(instead	of	1)

• High	temperature	downhole
• Irregular	cooling
• Fluctuating	temperature
• Changing	load	over	time
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Sinewave	vs.	What	we	give	ESPs	(6	Step)
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Sinewave	vs.	What	we	give	ESPs	(PWM	w	SWF)
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Terminology

• Harmonics	 =	
measurement	
of	how	non		
sinusoidal	the	
waveform	is
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Terminology

• Transient	very	high	voltage	for	short	period
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Terminology

• Common	mode	current



4/30/17

6

Power	Quality	Breakout•	Sandy	Williams

Slide	11

Terminology

• Ring	waves
– The	ring	wave	adds	

another	1800V	peak	
(longer	black	arrow:	
+6100V	– 4500V	=	
+1800V).

– The	ring	
wave component	is	
subject	to	doubling	
when	it	hits	the	
motor,	

– Yielding	a	maximum	
peak	voltage	of	
4500V	
+ 2x1800V = 8100V
.
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Terminology

• Grounding
– Safety
– Protection	of	

people	&	
equipment

– Lightning
• National	Electric	

Code	(Emerald	
Book)	requires	that	
for	personnel	safety,	
ground	resistance	
shall	be	no more	
than	25Ω.
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Terminology

• Current	&	Voltage	Imbalance
– Abnormal	motor	heating
– Vibration
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Consequences	of	poor	power	quality

• Failures	(and	short	runlives)
– Penetrator
– Cable	
– Splice	
– MLE	/	Pothead
– Motor	end	turn
– Motor	bearing
– Sensor
– Broken	shafts
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Lessons	from	other	industries

• NEMA	MG	10-2017	states	that	usual	conditions	for	a	motor	or	generator	(MG)	is:
– a	voltage	unbalance	of	1%	or	LESS,	and	the	motor	should	operate	successfully	within	those	

specifications.
– 3.5%	voltage	unbalance	causes	20%	increase	in	motor	losses	(incremental	heat	).

• Norm	Christopherson	is	an	accredited	&	published	HVAC	Technician	and	Electrical	Instructor:
– His	ratios	are	consistent	with	the	NEMA	calculation: 2.987%	Voltage	Imbalanceà 17.84%	

increase	in	motor	winding	temp	rise	(he	provides	an	example,	pp.	3-4)

• Pumps	&	Systems	Article	by	Thomas	H.	Bishop,	P.E,	EASA:
– A	1%	voltage	imbalance	yields	a	6-10%	current	imbalance	which	yields	as	much	as	a	21%	

motor	temp	rise	increase	as	determined	by	Power	=	I^2Rà (1.10)^2	=	1.21.

• A	10	deg motor	temperature	rise	can	have	potential	life	of	motor
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Common	problems
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Downhole	power	quality	specifcation
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Lessons	from	other	industries
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Lessons	from	other	industries
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Best	practices	for	downhole	ESP

• Limit	or	reduce	harmonics
• Always	use	SWF	on	PWM	
• Measure	harmonics	to	make	sure	SWF	working	properly
• Place	surge	suppression	so	protects	downhole	ESP	(and	

VSD).	
• Ensure	properly	grounded
• Use	filter	to	remove	common	mode	(line	to	ground)	

current
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ESP Variable Speed 
Drive

Grounding and SPD 
Locations

CMF

Medium
Voltage 
SPD

480 
Volt 
SPD

Best	practices	for	downhole	ESP
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Best	practices	for	downhole	ESP

• Why	don’t	we	have	a	specification	or	guideline?
• IEE519	only	covers	harmonics	to	utility
• There	is	no	downhole	equivalent
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• Atika
• Ibrahim
• David	Shipp
• Michael	Rommer
• John	Graham
• Mark	Turland
• Hany
• Kenneth
• Sal
• Richard	Delayoye
• Tom	van	Akkeren

Thank You / Questions
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