
PCB Repair Services

Introduction

Printed Circuit Boards (PCBs) are the electronic heart of virtually all  modern industrial equipment. From

variable frequency drives and servo amplifiers to programmable logic controllers (PLCs) and automation

systems, these boards control critical operations in manufacturing, energy, and process industries. When a

PCB in a crucial piece of equipment fails, it can lead to costly downtime and lost productivity.  PCB repair

services focus on diagnosing and fixing faulty circuit boards to quickly restore equipment functionality. This

approach can often be more cost-effective and faster than sourcing and installing a brand-new replacement

board or entire unit. In this article, we dive deep into the technical aspects of PCB repair services – exploring

common failure modes, repair processes, industry standards, and real-world examples – to illustrate how

professional PCB repairs can extend equipment life and save both time and money.

Why Repair PCBs Instead of Replace?

Repairing  a  defective  PCB  instead  of  outright  replacing  the  entire  board  or  equipment  offers  several

compelling benefits:

Cost Savings: Repairing or refurbishing a PCB is  typically  far  less expensive than buying a new

replacement. Studies have found that opting for repairs can save around 50% or more of the cost of

new equipment. For example, the Reverse Logistics Association reports that electronic component

repairs (including PCBs) can save companies up to 50% of the replacement cost . Similarly, one

industry analysis showed that remanufacturing electronic equipment generally costs only 30–50% of

the price of new units, yielding significant savings for businesses . In fact, some sources cite

that  repairing PCBs can save about  70% compared to building a new product  from scratch .

These savings are especially pronounced for high-value industrial boards and modules from OEMs,

which often carry hefty price tags and long lead times.

Faster  Turnaround  &  Downtime  Reduction: Lead  times  for  new  industrial  electronics  can  be

lengthy – sometimes weeks or months if a part is backordered. By contrast, a skilled repair service

can often diagnose and fix a PCB in a matter of days (or even hours for emergency rush jobs). Quick

turnaround  is  critical  because  downtime  in  industrial  environments  is  extremely  expensive.  For

example, in the oil and gas industry, a drilling rig’s top drive system that was brought down by a

drive PCB failure was repaired and back in operation within 72 hours, avoiding extended downtime

that  would  have  cost  the  operator  dearly .  In  manufacturing,  getting  a  production  line

running even a day sooner via board repair can save significant lost revenue. PCB repair services

prioritize  speed  without compromising  quality,  often  through  streamlined  diagnostics  and  by

stocking common replacement components.

Life  Extension  for  Obsolete  Equipment: In  many  cases,  the  failed  PCB  may  be  in  a  piece  of

equipment that is older or no longer supported by the manufacturer. If the model is obsolete, a
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direct  replacement  board  might  be  unavailable  or  only  obtainable  as  a  used/refurbished  part.

Repairing the original PCB might be the only viable way to revive the equipment. Professional PCB

repair providers specialize in extending the life of legacy industrial electronics, allowing companies

to defer expensive system upgrades. This is a form of industrial remanufacturing that keeps proven

machines running longer. One recent study highlights that remanufacturing and repairing end-of-life

electronics can extend equipment lifespan and is often  70% cheaper than buying new, while also

reducing electronic waste .

Environmental  and  Sustainability  Factors: Choosing  to  repair  rather  than  discard  a  PCB

contributes to sustainability by reducing electronic waste (e-waste). Millions of tons of electronics are

thrown away each year,  and PCBs are a  significant  contributor  to  landfill  toxic  materials .  By

repairing a board, companies not only save money but also minimize waste and the environmental

impact of their operations. As one electronics manufacturing firm notes, PCB repair is  both planet-

friendly  and budget-friendly  –  a  win-win  that  “saves  the  planet  and saves  money”  compared to

scrapping boards .  Many manufacturers  now have corporate  sustainability  goals  that  include

repairing and reusing electronics whenever feasible rather than disposing of them.

Maintaining  Calibration  or  Compatibility: In  complex  control  systems,  completely  replacing  a

board  can  sometimes  introduce  compatibility  issues  (e.g.  firmware  mismatches  or  calibration

differences) if the new board is a different revision. Repairing the original board retains the existing

firmware and calibration. For instance, on drive and motion control PCBs, many settings are stored

in non-volatile memory. A new board might come blank and require reprogramming of parameters

to  match  the  system .  With  a  repair,  the  board  can  often  be  returned  to  service  with  its

configuration intact, avoiding the re-commissioning effort.

Given these benefits,  it’s  clear why many industrial  operators first explore  PCB repair services when a

crucial electronic assembly fails. Of course, if a board is truly damaged beyond repair or the cost would

approach that of new, a reputable repair provider will advise replacement – but in a large number of cases,

component-level repair is both possible and economical.

Common PCB Failure Modes in Industrial Equipment

Industrial PCBs are subject to harsh operating conditions, and understanding how they typically fail is the

first step in effective repair. Here are some of the most common PCB failure modes and causes seen in

drives, controllers, and other industrial electronics:

Component Degradation and Failure: The individual  electronic  components on a PCB (such as

capacitors, transistors, ICs, relays, etc.) can fail due to age or stress. A prime example is electrolytic

capacitors,  which  have  a  finite  lifespan.  Over  time  or  under  high  stress  (heat,  ripple  current),

capacitors  dry  out  or  degrade –  often  visibly  swelling  or  bulging at  the  top  when failed.  In  an

industrial variable frequency drive (VFD), the large DC bus capacitors are notorious wear-out items;

they  smooth  the  DC  link  voltage  and  typically  last  5–10  years  under  normal  conditions.

Manufacturers often specify proactive replacement intervals for capacitors – for example,  Hitachi

recommends replacing DC bus capacitors every ~5 years of normal use (or sooner if capacitance drops

below 85% of nominal) as a preventive measure . If not replaced, these caps can eventually bulge,

leak electrolyte, or even explode, leading to DC bus faults and downtime. Other components like

power semiconductors (IGBT transistors and diodes) also fail frequently. An IGBT in a drive’s inverter
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stage may short out due to over-current or over-voltage events, often resulting in immediate blown

fuses and a shutdown. It’s common to find charred or cracked semiconductor modules after such

failures. In fact, many drives can detect these conditions – for instance, Eaton VFDs have fault codes

like “IGBT saturation fault” to specifically indicate a failed transistor module .

Thermal Stress and Overheating: Heat is a major enemy of electronic boards. Industrial enclosures

can  run  hot,  especially  if  cooling  fans  or  filters  are  not  maintained.  Excessive  heat  accelerates

component  aging  (especially  for  capacitors  and  silicon  devices)  and  can  even  cause  immediate

failures if temperature limits are exceeded. Solder joints may crack due to thermal expansion and

contraction cycles (“thermal cycling”),  leading to intermittent connections. High-power sections of

PCBs,  such  as  drive  output  stages,  generate  significant  heat  and  rely  on  heat  sinks  and  active

cooling. If a cooling fan fails or vents clog up with dust, temperatures rise rapidly. It’s not uncommon

to see discolored or burnt PCB areas under overheated components. For example, an ABB ACS800

drive operating in  a  high ambient  temperature (>50 °C)  environment showed  bulging capacitor

tops  and  heat-discolored  PCB  sections,  indicating  the  board  had  been  running  hot .

Thermal stress was identified as a root cause of that drive’s failure. During repairs, technicians will

replace  any  components  damaged  by  overheating  and  may  advise  on  improving  cooling  (e.g.

cleaning heat sinks, replacing fans, improving cabinet ventilation) to prevent recurrence.

Electrical Overstress (EOS): Surges, voltage spikes, and other electrical stress events can damage

PCBs. Industrial power systems are prone to transient surges (from grid fluctuations, switching large

motors, lightning, etc.) that can punch through protective components. Over-voltage or surge events

often manifest as blown surge suppressors (MOVs), vaporized trace segments, or damaged power

devices.  In  many cases,  the  traces on the PCB act  like fuses and get  burned open to protect

downstream circuits during a severe short or surge. Technicians can repair these by cleaning the

carbonization and soldering jumper wires or copper braid to reconnect open traces, following IPC

repair guidelines. Power supply sections of boards can also get overstressed – for instance, a control

board’s voltage regulator might be destroyed by a surge on its input. Part of the repair process is

identifying  all  components  that  experienced  electrical  overload  and  replacing  them  (a  common

example is replacing not only a shorted transistor but also its associated gate driver IC and any

blown resistors, to fully fix the chain of failure).

Mechanical Wear and Vibration: Vibration and mechanical stresses can cause issues like cracked

solder joints, loose connectors, or physically damaged components. In high-vibration environments

(e.g. automotive or heavy machinery), large components that aren’t properly secured can vibrate and

eventually break their solder pads. Connectors or cable harness attachments to a PCB may wiggle

loose over time. A simple but frequent culprit in drive electronics is loose terminal connections –

power wires or control wires that are not torqued properly. Over time, a slightly loose screw terminal

can arc and create carbon deposits,  leading to erratic behavior.  As Precision Electric notes,  even

something  as  simple  as  a  loose  control  wire  can  cause  uncontrollable  starting/stopping  or  speed

fluctuations in  a  drive  until  fixed .  During  repair,  critical  connections  and  solder  joints  are

inspected and re-soldered or tightened as needed. Conformal coating damage (if the board is coated

for humidity protection) also falls here – if the coating cracks or peels, moisture can ingress and

corrode contacts.

Environmental Factors (Moisture, Dust, Corrosion): Industrial PCBs are often exposed to non-ideal

environmental  conditions.  Dust  accumulation  can  cause  cooling  problems  and  even  electrical
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shorting or tracking if severe. Moisture or chemical exposure can corrode contacts and component

leads. In one case, a drive operating in a dusty, hot environment suffered from clogged heat sinks and

corroded  solder  joints,  contributing  to  its  failure .  Many  boards  that  come  in  for  repair,

especially from wastewater plants or outdoor installations, show signs of corrosion (for instance, a

green patina  on copper  traces  or  rust  on  connectors).  Part  of  the  repair  service  often  includes

thorough  cleaning of  the  PCB  –  removing  dust,  oil,  and  corrosion  residues  –  and  sometimes

reapplying conformal coating after repairs to renew the protection. Technicians will bake moisture-

exposed  boards  in  a  low-temperature  oven  to  thoroughly  dry  them  before  rework,  per  IPC

recommendations (to prevent popcorning of ICs when heat is applied).

Design or  Firmware Issues: Though less  common as  a  “failure  mode”  of  a  previously  working

board,  sometimes  the  cause  of  recurring  PCB  problems  is  a  design  flaw  or  firmware  bug.  For

example, an initial design might under-rate a resistor wattage, causing it to regularly overheat and

burn out. In a repair scenario, the service might upgrade that resistor to a higher watt or add a

heatsink. Firmware issues might be addressed by updating the board’s firmware to the latest version

provided by the manufacturer if known fixes exist. In fact, some repair services perform engineering

upgrades as part of repair – replacing known weak components with more robust ones, or adding

modifications to improve reliability. This crosses into the realm of remanufacturing/upgrading, which

can be a value-add of expert repair providers.

By understanding these common failure mechanisms, technicians can efficiently pinpoint what went wrong

on a failed PCB. A good repair service will also investigate  why the failure occurred (for example, was it

simply component age, or was there an external cause like a motor overload or a cooling failure?). This root-

cause approach allows them to not only fix the board, but also advise the customer on preventing future

issues  –  such  as  recommending  installation  of  surge  protection,  scheduling  periodic  capacitor

replacements, or improving cooling and maintenance schedules .

The PCB Repair Process: From Diagnosis to Functional Test

Repairing an industrial PCB is a meticulous process that combines electrical engineering know-how, proper

tools, and adherence to quality procedures. Here is an overview of how professional  PCB repair services

typically handle a board from start to finish:

Initial  Inspection  &  Diagnostics: The  process  begins  with  a  careful  evaluation  of  the  board.

Technicians will  visually inspect the PCB for obvious signs of  trouble –  burnt or  charred areas,

bulging capacitor tops, loose or cracked components, broken traces, and so on. Many times the

visual  exam  immediately  reveals  the  primary  failure  (for  instance,  a  clearly  fried  component).

Technicians  also  often  consult  the  manufacturer’s  documentation  at  this  stage  –  including

schematics,  maintenance  manuals,  and  error  code  histories.  Modern  industrial  drives  and

controllers often store fault logs; for example, an ABB drive can be connected to diagnostic software

(like ABB’s DriveWindow or similar) to retrieve error codes and timestamps . In one real-world

case,  technicians  used ABB’s  FlashDrop tool  to  pull  diagnostic  data  from a  failed  drive  and saw

intermittent  overvoltage and control  faults  recorded,  which guided them to suspect  certain PCB

components . Additionally, basic electrical tests are conducted: measuring power supply outputs,

checking  fuses,  testing  for  short  circuits  with  a  multimeter.  If  the  board  has  multiple  sections,

isolating sections and testing individually can help narrow down the fault. For instance, testing the

input and output power sections of a VFD with a multimeter (diode test mode) can reveal if an IGBT
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or diode is shorted – a crucial  pre-power-up check to avoid applying power to a board that has a

dead short . Skilled technicians will also verify whether the failure is confined to the PCB itself;

sometimes external factors (like a shorted motor or miswired connection in the system) might have

caused  the  board  to  appear  faulty.  A  thorough  diagnosis  may  involve  simulating  the  board’s

operation in a test jig or using an in-circuit tester for complex boards.

Component-Level Troubleshooting: Once the general failure area is identified, the repair shifts to

component-level  analysis.  This  means  testing  suspect  components  and  circuits  on  the  board.

Technicians  use  a  variety  of  tools:  digital  multimeters,  LCR  meters  (for  checking  inductance,

capacitance, resistance values), oscilloscopes to see signal waveforms, and specialized testers (for

example, an IGBT tester or transistor curve tracer to verify a power transistor’s health).  In some

cases,  they  might  use  techniques  like  injecting  a  current  limited  voltage  to  see  where  heat  is

generated  (a  method  to  find  shorted  components  by  seeing  what  gets  warm).  Certain  failures

benefit from advanced diagnostics – e.g. BGA (ball-grid-array) ICs that can’t be probed with a meter

might be diagnosed by X-ray imaging or by using JTAG boundary-scan tools if available. Throughout

this  process,  having  manufacturer  schematics  or  board  layout  drawings greatly  aids  the

troubleshooting. Repair services often have access to manufacturer service manuals or can reverse-

engineer the circuit if needed, tracing connections to find where expected voltages or signals are

missing. This step-by-step troubleshooting isolates the faulty part of the circuit.

Repair and Component Replacement: After pinpointing faulty components, the actual repair work

begins. This can involve soldering and desoldering to remove bad parts and install replacements.

Technicians must be proficient with soldering tools, including fine-pitch soldering irons and hot-air

rework stations for surface-mount devices. In many industrial  PCBs, you encounter through-hole

components, large high-current parts, and surface-mount chips all on the same board – each may

require different soldering techniques. BGA rework (for chips with solder balls underneath) is one of

the most advanced tasks; it requires a specialized rework station to carefully heat and replace the

component, and often an X-ray or optical inspection to ensure proper soldering. Only experienced

technicians should attempt such repairs, as improper technique can easily ruin a multilayer board.

As one electronics repair firm emphasizes, knowledge of delicate soldering, desoldering and BGA

rework – often under a microscope for precision – is necessary to reliably fix modern PCBs .

During the repair, technicians also use proper materials that match the original. For instance, if a

copper trace was burnt open, they will repair it using appropriate gauge copper wire or foil, and then

coat it to prevent corrosion. If a section of PCB substrate is damaged (e.g. a corner burned), skilled

technicians  can  perform  base  board  repair by  rebuilding  the  board  material  with  epoxy  and

fiberglass compounds, following IPC guidelines for board repair. Connectors that are cracked or pins

that  are  bent  will  be  replaced  to  ensure  reliable  connections.  A  quality  repair  shop  will  source

equivalent or original components for replacements – using OEM parts if available, or high-quality

equivalents that meet the same specifications.  (Using correct parts is  critical;  for example,  when

replacing power capacitors in a drive,  one must use the proper capacitance,  voltage rating,  and

ripple-current rating – some OEMs like ABB even offer capacitor replacement kits and warn to use

only OEM-specified capacitors for safety .) All replacements are soldered in carefully, and the

board is cleaned of flux residues afterward. 

Trace/Pad Repairs: A common sub-task during component replacement is repairing PCB lands or pads that

may have lifted or gotten damaged when removing the bad component (especially if it’s been running hot).

Technicians utilize IPC-7721 repair techniques here – for example, if a pad tore off, they might bond a new
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pad or use a copper foil patch and epoxy to recreate it, then solder the component to that. Damaged plated

through-holes via barrels can sometimes be repaired by running a wire through and soldering on both

sides if  the situation allows.  These fine repairs ensure the PCB’s  integrity  is  fully  restored,  not just  the

components.

Preventive Replacement: A value-added aspect of professional repair is that technicians will  often

replace not just the obviously failed parts, but also any other components that are near end-of-life

or prone to failure. For example, if one electrolytic capacitor blew, it’s wise to replace all caps of the

same age on that board, since they likely underwent the same stress. In a servo drive repair case,

after  replacing  a  shorted  IGBT  the  technician  noted  other  components  “at  the  limit  of

tolerance” (aging) and replaced those as well, significantly extending the life of the device .

Cooling fans are another example – if a drive came in for repair, its cooling fan is often also replaced

or  at  least  refurbished,  because  fans  have  a  finite  life  (often  around  4–5  years  of  continuous

operation). In fact, Hitachi’s drive manuals specify replacing cooling fans every ~35,000 hours (~4

years) as a maintenance item . Thus, a good repair service will  proactively swap out such

wear-prone parts while the board is in the shop. This preventive approach means the board is less

likely to fail again in the near term, giving the customer more reliable service. It effectively upgrades

the board to a refreshed condition.

Reassembly  and  Integrity  Checks: After  component  repairs  are  done,  the  board  is  carefully

reassembled  if  it  had  any  modular  sections,  heatsinks,  conformal  coating,  or  wiring  harnesses

removed. All connectors are plugged back, and any thermal interface material (like thermal grease

under  power  devices)  is  renewed  to  ensure  proper  heat  dissipation.  At  this  stage,  thorough

inspection under magnification is performed – looking for any solder bridges, splashes, or loose

solder balls that could cause shorts. Many shops use microscopes or high-magnification cameras to

inspect SMD rework quality. They also verify that polarity-sensitive components (diodes, electrolytic

caps, transistors) are installed with correct orientation, and that jumper settings or DIP switches on

the board (if any) remain correct.

Functional Testing: Once the repaired board looks sound, it moves to testing. This is a crucial step

to ensure the repair is successful and that no further issues are present. The best scenario is to

perform a  full  functional  test of  the board in conditions similar  to its  normal  operation.  Many

industrial repair centers have test fixtures or even complete setups to simulate the equipment. For

example, a repaired drive PCB might be placed in a compatible drive chassis and run with a test

motor to verify it actually drives the motor correctly under load. In one case study, a repaired Lenze

9300 servo drive was put on a  dedicated Lenze test bench where the technicians re-established

communication  and  ran  a  motor  to  ensure  all  functions  worked  properly .  Only  after  it

produced torque and showed no error codes was the repair deemed complete. If an exact system

test  isn’t  possible,  at  least  a  bench  test  with  power  applied  and  signals  injected  will  be  done.

Measurements of  key voltages (logic supply rails,  reference signals)  are taken to confirm they’re

within spec. Some repairs also involve running the board for an extended burn-in period or thermal

cycling  it  to  catch  any  intermittent  issues.  Advanced  diagnostics  like  thermal  imaging  can  be

employed during testing – for instance, after repairing that ABB drive, technicians used an infrared

camera to verify that temperatures on the PCB remained stable and no hot-spots appeared under

load . This helps ensure the reliability of the fix. Additionally, any programmable components

or firmware are tested – if the board has microcontrollers or programmable logic, the techs ensure

the code is intact and no error states persist. Communication ports (Ethernet, serial, etc.) on the
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board are also checked if relevant, since losing comms was one of the failure symptoms in some

cases .

Documentation and Quality Assurance: A professional repair service documents the work done on

the PCB. This typically includes a repair report listing the components replaced, tests performed, and

any observations or recommendations (e.g. “found severe dust – recommend improving enclosure

filtering”  or  “replaced  all  capacitors  with  high-temp  105°C  rated  units  for  longer  life”).  Such

documentation is valuable for the customer’s maintenance records. Many repair providers also offer

a warranty on the repaired board (e.g.  6  months or  1 year warranty),  which gives assurance of

quality. Internally, reputable repair shops have quality control procedures where a second technician

or supervisor may inspect and sign off the repair before it’s returned. This extra set of eyes can catch

any oversight.  Finally,  the board is  carefully  packaged (often in anti-static  bags with proper ESD

protection) and shipped back to the customer, ready to be reinstalled and put back into operation.

A technician tests an industrial drive’s PCB with a multimeter as part of the diagnostics in a repair

process. Professional repair technicians use a variety of test instruments and manufacturer tools to pinpoint

failed components on PCBs. In this case, a Lenze 9300 servo drive that had thrown an over-current fault (OC1

error) is being analyzed – the team discovered a shorted IGBT power transistor that was tying one motor phase to

the DC bus . The faulty IGBT module was replaced and the drive’s transistor driver circuit on that phase was

repaired.  Additionally,  the  technicians  preemptively  replaced  other  aging  components  (such  as  electrolytic

capacitors and a noisy cooling fan) to rejuvenate the unit . After reassembly, the drive was put on a test

bench and successfully  run with  a  motor;  all  tests  passed,  and the entire  repair  was completed in  one day,

allowing the customer’s production line to resume operation with minimal downtime .

Quality Standards and Best Practices in PCB Repair

Repairing high-value PCBs is not a haphazard affair – it must be done in accordance with industry standards

and  best  practices  to  ensure  reliability  and  safety.  Here  are  some  key  standards,  practices,  and

considerations that top-tier PCB repair services adhere to:

IPC  Rework/Repair  Standards: The  IPC (Association  Connecting  Electronics  Industries)  is  the

leading organization that  publishes standards for  electronics  manufacturing and repair.  Notably,

IPC-7711/7721 is  the  industry  standard  for  Rework,  Modification  and  Repair  of  Electronic

Assemblies. It provides approved procedures for anything from replacing components and fixing

pads/traces  to  modifying  boards.  Following  IPC-7711/7721  ensures  that  repair  technicians  use

proven methods and proper materials when restoring a PCB’s functionality. These guidelines cover,

for example, how to reliably remove and replace an SMT chip, or how to repair a lifted pad with a

bonded overlay, and the acceptable quality criteria for such repairs. Adhering to IPC standards is

crucial because, as one source notes, attempting to rework or modify PCBs without proper guidelines

can adversely affect the board’s quality and durability . In other words, improper rework could

introduce  new  defects.  Professional  repair  providers  train  their  staff  in  IPC  techniques  –  often

technicians are IPC certified for rework and repair. IPC-A-610 is another related standard (it governs

the acceptability  of  electronic  assemblies)  which  defines  what  is  an  acceptable  solder  joint,  etc.

Repair outcomes should meet IPC-A-610 class 2 or class 3 criteria depending on the criticality of the

hardware.  As  a  best  practice,  after  repair,  boards are inspected to  the same criteria  as  a  newly

manufactured  board  to  ensure  the  rework  is  not  detectable  or  detrimental.  The  importance  of

standards is such that any service worth its salt will readily acknowledge compliance; as EMSG (an
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electronics manufacturer and repair company) advises clients, make sure the repair service  “know

and follow the necessary [IPC] procedures” for high-quality results .

ESD Protection and Safe Handling: Electrostatic discharge (ESD) can silently damage sensitive

electronic components, so a repair facility must have stringent ESD controls in place. This includes

equipping  workstations  with  ESD-safe  mats  that  are  grounded,  requiring  technicians  to  wear

grounded wrist straps or heel straps, using anti-static tools and packaging, and controlling humidity

to dissipate static. Components like MOSFETs, microcontrollers, and ASICs can be killed by a static

zap far below the threshold of human sensation. Thus, any handling of boards or ICs is done in an

ESD  Protected  Area.  Industry  standard  ANSI/ESD  S20.20  outlines  the  ESD  control  program

requirements that many electronics companies follow. In practice, when you send a PCB to a quality

repair shop, you’ll find it is opened and worked on only at an ESD-safe station. Providers also often

advertise compliance with ESD standards – for instance, Renova Technology advises manufacturers

to  ensure  repair  providers  follow  “ESD compliance” standards  to  guarantee  safe  handling  of  the

electronics . This prevents introducing new damage during the repair process itself.

Trained and Experienced Technicians: PCB repair at the component level is as much an art as a

science. It requires significant experience to develop the steady hand and keen eye needed for fine

rework. Many top repair services employ technicians with backgrounds in electronics engineering or

with specific training on the types of equipment being serviced. For instance, repairing a high-power

ABB drive board might require knowledge of how its control circuits and protection features work –

something more likely if the technician has worked on many of them or has gone through ABB’s

training.  Some repair  companies  are  even authorized service  centers  for  certain  manufacturers,

meaning their techs have been factory-trained. When evaluating a repair service, it’s wise to ask

about the team’s experience and if they have expertise with boards from the specific manufacturer

(be it ABB, Hitachi, Eaton, Lenze, Yaskawa, or others). According to industry guidance, a broad range

of  successful  repair  experience  indicates  the  technicians  can  handle  complex  diagnostics .

Additionally,  technicians who hold certifications (like IPC specialist,  or even electrical engineering

degrees) and who stay updated on new technologies (such as understanding newer IGBT modules

or digital controllers) will be best equipped to repair modern PCBs correctly.

Equipment  and  Facility: A  proper  PCB  repair  facility  will  have  a  suite  of  modern  tools  and

equipment.  Key  equipment  includes:  high-quality  soldering/rework  stations  (with  temperature-

controlled  irons,  hot  air  rework  tools,  BGA  rework  system),  microscopes  for  precision  work,

ultrasonic  cleaners  (often  used  to  clean  boards  or  remove  conformal  coating  residue),

programmable  power  supplies,  and  a  variety  of  test  equipment  (LCR  meters,  oscilloscopes,

specialized drive simulators, etc.). Access to manufacturer diagnostic software is a plus (e.g., having

the  software  to  interface  with  a  Yaskawa drive  or  a  Siemens  controller  to  clear  faults  and  test

operation).  Some repair centers also invest in automated test equipment or custom test rigs for

certain board types – for example, building a jig to simulate an encoder feedback loop for testing a

servo drive’s control board. A well-equipped lab not only speeds up repair (because the right tool is

on hand for a delicate task) but also improves quality. For instance, using a microscope and a proper

solder reflow tool ensures that fine-pitch ICs are soldered perfectly without shorts. Without these,

one might have to attempt hacky fixes that compromise reliability. In short, the best repair outcomes

come from combining skilled technicians and the right equipment. Clients should choose providers

who can demonstrate they have the necessary infrastructure to handle the repairs (many will show

photos of their lab or list capabilities like X-ray inspection or automated testing).
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Use of  Genuine or  High-Quality  Components: The  components  used for  replacements  during

repair should meet or exceed the specifications of the originals. Inferior knock-off components could

lead to another failure soon after. For example, if a power transistor is replaced with a substandard

one that cannot handle the same current, it will likely blow under full load. Reputable repair services

source components carefully – often using authorized distributors or pulling from their own stock of

salvaged  OEM  parts.  They  also  pay  attention  to  component  revisions  (some  ICs  have  multiple

versions,  and  using  the  wrong  suffix  could  cause  incompatibility).  In  cases  where  an  exact

component is obsolete, the repair engineer will select a suitable substitute and verify compatibility.

For critical components in drives (like gate driver ICs or DSP chips), sometimes only the OEM or their

authorized partners can supply them – a good repair service has relationships or inventory to get

these parts.  Additionally,  things like matching the temperature rating of capacitors (105 °C rated

caps for high-temp environments) and using proper flame-resistant board materials for repairs are

all part of meeting industry standards. As noted earlier, even manufacturers like ABB stress using

OEM-specified parts for reliability in repairs . Customers should be wary of ultra-cheap repair

outfits, as they might cut corners by using cheap components which jeopardize long-term reliability.

Testing to Standards and Load Testing: After repair, the testing should ensure the board meets

functional  requirements  and  safety  standards.  If  the  equipment  has  to  meet  certain  regulatory

standards (for example, a medical device PCB might need to pass a hipot test for isolation),  the

repair  service should be able to perform those tests.  Industrial  drive repairs,  for instance,  often

involve running the drive at full load on a test motor or dynamometer to simulate real operating

conditions. Without a load test, some latent issues might not appear until the equipment is back in

service. High-quality repair centers pride themselves on rigorous testing protocols – some will run a

drive or board for several hours in a full-power burn-in test to catch any early failures. This is akin to

how  new  equipment  is  soak-tested.  The  objective  is  to  return  a  board  that  the  customer  can

confidently plug in and use as if it were new. In the earlier case of the ABB drilling drive repair, the

service provider ran the drive on a test  stand for  4  hours and verified communication with the

control system to ensure everything was rock solid . Only after passing all these checks was

the unit sent back. Such thorough testing is part of the best practices that separate high-end repair

services from basic component swap shops.

Standards for Workmanship and Safety: In addition to IPC and ESD, there are other standards that

may apply. For example, if the PCB is used in a safety-critical system (like an aerospace or medical

application), the repair service might need to follow specific documentation and process controls

(traceability of components, etc.).  Some industries have standards like  IEC 61010 or  UL 508A for

electrical equipment safety – while these mostly apply to design and manufacturing, a repair should

not  violate  them  (e.g.,  using  a  non-UL  recognized  component  in  a  UL-listed  device  could  void

compliance).  Repair  providers  who  work  in  these  sectors  are  aware  of  such  requirements.

Furthermore, many repair companies have quality management certifications such as  ISO 9001 to

ensure consistent processes and continuous improvement.  This  gives customers confidence that

there’s an established system governing the repair work, calibration of tools, training of staff, etc.

Customer  Communication  and  Warranty: Best  practices  in  the  service  side  include  clear

communication – providing a failure analysis if requested, a detailed quote of what will be repaired,

and obtaining approval before proceeding if something is beyond the initial scope. A reputable shop

will not proceed with an exorbitantly expensive repair if it’s not economical; instead, they will advise

the customer if a replacement makes more sense. When the repair is done, they often share the
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report of findings (which can be very useful for the customer’s maintenance team). Warranty on the

repair (common warranties are 90 days, 6 months, or even up to 2 years for some) indicates they

stand by their workmanship and the parts used. For example, one industrial repair firm has built a

reputation  since  the  1960s  by  reliably  repairing  equipment  and  offering  warranties,  reportedly

saving their customers millions of dollars versus OEM replacement costs over the decades .

In summary, professional PCB repair is carried out under controlled conditions by skilled experts following

industry standards. The combination of proper technique (as defined by IPC), protective measures (ESD,

etc.), and thorough testing yields repairs that can perform as reliably as the original manufactured product.

This level of quality is crucial because industrial systems often operate in demanding environments where a

shoddy repair  could lead to a costly  failure or safety hazard.  Therefore,  companies seeking PCB repair

services  should  evaluate  providers  based  on  these  quality  factors  –  expertise,  turnaround  time,

adherence  to  standards,  testing  rigor,  and  warranty/customer  support .  Checking  for

certifications or memberships (for instance, some repair shops are members of professional associations or

are certified repair centers for brands) can also be a good indicator of their credibility.

Real-World Examples and Applications

To illustrate  the impact  of  effective  PCB repair  services,  let’s  look at  a  few real-world  scenarios  across

different industries and manufacturers. These examples show how board-level repairs solved problems and

delivered value:

ABB  Drive  Rescue  in  Oil  &  Gas: An  ABB  ACS800  industrial  drive  (a  high-horsepower  variable

frequency drive) used in an oil drilling rig’s top-drive system began malfunctioning and eventually

failed during operation. The drive’s control PCB and power electronics had suffered from years of

heat and heavy use – technicians observed bulging electrolytic capacitors and heat discoloration

on the boards, along with intermittent faults prior to failure . Given the drilling rig downtime

cost which can run into tens of thousands of dollars per day, a rapid repair was critical. A specialized

repair team was able to rush the drive to their workshop, diagnose and replace multiple failed

components, and fully refurbish the unit within 72 hours .  The repair process included

installing a new set of DC bus capacitors, a new IGBT power module, and a rebuilt control board, as

well  as cleaning out dust and reapplying thermal interface materials .  The drive was then

load-tested  and  returned  to  the  field.  The  result  was  that  the  drilling  operation  resumed  with

minimal delay – and the drive went on to run continuously for at least six months post-repair without

any faults . This case highlights how a competent PCB repair can quickly restore critical operations

and avert the long lead time of getting a replacement drive (which, for such a large ABB drive, might

have taken weeks).  It  also  underscores  the importance of  preventive  maintenance:  the  “lessons

learned” from this incident led the operator to implement regular capacitor replacements and better

cabinet cooling to avoid future failures .

Lenze Servo Drive – One-Day Turnaround: In a manufacturing plant, a Lenze 9300 series servo

drive  (servo  amplifier)  went  down,  halting  a  production  line.  The  drive  showed an  “OC1”  over-

current fault and would not operate. The faulty drive was sent to a repair service (RGB Elektronika)

where a technician promptly investigated. They found that one of the drive’s IGBT transistors in the

output stage had failed, effectively shorting an output phase to the DC bus and triggering the OC1

error . The technician replaced the damaged IGBT module and also repaired the gate driver

circuit associated with that transistor, which had been damaged by the short . Knowing that high-
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stress components in drives tend to age, the technician also replaced other “most wearing parts” that

were near their limits (likely other transistors or capacitors showing signs of wear) . Additionally,

during the fix they noticed the cooling fan was noisy – a sign of impending failure – and proactively

replaced it as well . After the repairs, the servo drive was tested on a dedicated Lenze test

bench with a motor to verify proper operation across its range. All tests passed with flying colors .

Impressively,  the  entire  job  –  from  receiving  the  unit  to  handing  it  back  fully  functional  –  was

completed in a single day . The production line was back up the very next day, and the customer

was provided a detailed report of the cause (shorted transistor likely due to a downstream motor

issue) along with a recommendation to check the motor and cabling to ensure no external problems

persist . This example showcases how experienced repair services can deliver extremely fast

turnaround on complex board repairs when time is of the essence, and add value by addressing not

just the failure but also any ancillary issues to bolster reliability.

Yaskawa Servo Drive – Cost Avoidance: A precision machining company had a high-performance

Yaskawa servo drive controlling a critical CNC machine axis. When the servo drive developed a fault

and stopped working, the OEM quoted a replacement unit price of nearly \$20,000, since the model

was newer and not readily repairable by them. Rather than pay that, the company sought a third-

party repair.  A repair  provider (Precision Zone,  as referenced by a customer)  was able to fix the

drive’s PCB issues for around \$650 – a dramatic cost saving versus buying new, roughly 1/30th of

the price . While this anecdote (from a user forum) is just one instance, it reflects a broader trend:

independent  repair  services  often  can  restore  expensive  servo  and  drive  electronics  at  a  small

fraction of replacement cost. For the customer, the repaired Yaskawa drive worked fine and allowed

them to continue using their machine without the huge capital expense. Many other Yaskawa drives

and motion controllers see similar outcomes; common repairs on these include replacing shorted

power  transistors,  bad  logic  power  supplies,  and  blown  bus  capacitors.  Precision  Electric,  for

example,  notes  that  Yaskawa  servo  drive  repair  is  usually  far  less  expensive  than  full

replacement – they routinely repair such drives and even offer free evaluation quotes to encourage

cost comparison .  The key takeaway is  that for high-value drives from manufacturers like

Yaskawa  (or  Allen-Bradley,  Siemens,  etc.),  third-party  PCB  repair  can  yield  tremendous  cost

avoidance, especially if the alternative is buying a brand-new unit or an upgrade kit.

Hitachi  &  Eaton  Drives  –  Preventive  Maintenance  Example: In  another  scenario,  a  facilities

maintenance team was experiencing periodic failures of their Hitachi and Eaton VFDs that run HVAC

systems.  Investigation  revealed  that  most  of  these  failures  were  due  to  aging  capacitors  and

cooling  fans leading  to  DC  bus  undervolt  or  overtemp  faults.  Armed  with  manufacturer

documentation and advice from a repair service, they implemented a refurbish program: drives were

sent out for  preventive refurbishment every 5 years.  During these refurbishments,  all  DC link

capacitors would be replaced (since Hitachi’s guidelines of ~5-year capacitor life were known ),

and all cooling fans would be renewed (per the ~4-year life guideline ). In addition, the repair

service would thoroughly clean and test each PCB, replacing any component that showed signs of

stress (for example, any relays with millions of operations, any discolored resistors, etc.). This kind of

proactive repair-as-maintenance falls under  remanufacturing – essentially rebuilding the PCB to

like-new condition on a schedule. The results were significant: the frequency of unexpected drive

failures dropped dramatically, and the facility avoided costly emergency repairs. The cost for each

refurbishment was, on average, about 40% of the cost of a new drive – a worthwhile investment to

get another five years of service. This example underscores that PCB repair services aren’t only there

for  break-fix  scenarios,  but  can  also  partner  with  customers  for  lifecycle  extension  strategies,
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keeping legacy systems running reliably by systematically renewing critical components before they

fail. Manufacturers like Hitachi and others openly encourage such practices in their service manuals,

and third-party repair experts can execute them effectively.

Wind  Turbine  Electronics  –  Savings  at  Scale: Outside  of  factory  automation,  consider  the

renewable energy sector – wind turbines rely on sophisticated electronics (pitch control systems,

inverters,  encoders)  which  face  heavy  stresses  in  remote  locations.  One  wind  farm  operator

discovered that sending their faulty turbine control boards and inverters to an independent repair

company saved enormous costs. In one case study, the repair of wind turbine inverter boards by a

service provider saved the customer \$193,000 in one year compared to what the OEM would have

charged for exchange units . Another repair project involved resolving a systemic issue in a batch

of wind turbine pitch control boards; by upgrading and repairing the boards rather than replacing

them, the operator saved hundreds of thousands of dollars and improved the meantime between

failures . These high-dollar examples highlight that when dealing with dozens or hundreds of

identical units (like a wind farm full of turbines), using PCB repair services can scale into millions of

dollars of  savings.  It’s  not  just  the cost  –  repairing and redeploying boards also shortened the

downtime for each turbine since new units often had long procurement times. The success in these

cases owed to the repair teams being able to pinpoint root causes (for instance, a design weakness

causing  repeated  failures)  and  implement  corrective  upgrades  during  repair,  something  OEMs

sometimes overlook.

Process Control & Automation Systems: In industries like petrochemical plants or steel mills, there

are many custom PCBs in control systems that may be decades old (think old ABB Bailey control

cards or Allen-Bradley PLC modules). When one of these fails, it can threaten to shut down a critical

process.  PCB  repair  services  have  proven  invaluable  here  by  fixing  boards  that  are  no  longer

supported. For example, a refinery experienced an outage in a critical controller module that was

long-discontinued;  a  repair  service  performed component-level  troubleshooting,  identified a  bad

analog IC and some deteriorated capacitors, and successfully repaired the module, avoiding a costly

control system retrofit. The savings can also be measured in avoided process downtime, which in

these  industries  can  be  hundreds  of  thousands  of  dollars  per  day.  Another  instance  from  a

semiconductor plant involved a bespoke power supply board that drove implanter equipment – the

OEM quoted 10 weeks lead time for a replacement, but a repair service got the tool back up in one

week by fixing the board,  saving an estimated \$500k in lost  production.  These examples,  while

varied,  collectively  demonstrate  the  broad  applicability  of  PCB  repair  across  sectors  and  the

significant technical and economic advantages it brings.

Across manufacturers – be it  ABB, Hitachi,  Eaton, Lenze, Yaskawa, Siemens, Fanuc, Allen-Bradley or

others –  the story is  similar:  PCB repair services have enabled end-users to minimize downtime,  save

dramatically on costs, and extend the useful life of their electronics. The key is finding a capable repair

partner who understands the specific technology. Each brand may have its quirks (for instance, Yaskawa

drives might require a certain procedure to initialize after a control board swap, or ABB boards might need

special calibration after repair). Experienced repair teams draw on manufacturer documentation and their

own databases of past fixes to handle these nuances. Moreover, they often maintain test setups or at least

the knowledge to validate boards from each manufacturer.  Some repair companies specialize in certain

brands – for example,  a service might be known for expertise in European servo drives like Lenze and

Siemens, whereas another might focus on American-made Allen-Bradley and Eaton drives. Precision Electric
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Inc., the company behind this article, has technicians versed in all these major brands, reflecting the kind of

broad competency needed to service the diverse range of PCBs used in industry.

It’s also worth noting that  not every PCB is a candidate for repair – extremely damaged boards (e.g.

multilayer boards burned in a fire) or low-cost boards (where repair labor might exceed replacement cost)

are exceptions. But in the realm of industrial electronics, where single PCBs can cost thousands of dollars

and downtime is critical, repair is very often the smart first choice. As technology advances, repair services

are also adopting new techniques – such as using automated diagnostic software, AI/machine learning

to predict failures, and even robotic soldering for precision – to tackle modern high-density boards. This

continuous improvement in the repair industry means even highly complex boards (like those with FPGAs,

fine-pitch BGAs, etc.) can be serviced, as long as the provider has invested in the necessary capabilities.

Conclusion

PCB repair services play a vital role in keeping today’s industrial and commercial systems running efficiently.

By  combining deep technical  expertise,  adherence to  standards,  and advanced diagnostic  tools,  repair

professionals can breathe new life into faulty circuit boards that would otherwise cause expensive outages

or be consigned to scrap. We’ve seen that repairing PCBs in high-value equipment can save organizations

50% or  more in  costs,  drastically  reduce downtime from weeks to  days,  and support  sustainability  by

reducing  e-waste .  Whether  it’s  an  aging  drive  from  ABB,  a  high-speed  servo  controller  from

Yaskawa, or a PLC from Eaton or Hitachi, skilled technicians can analyze the failure, replace and refurbish

the necessary components, and verify performance to meet original specs. Real-world case studies – from

oil rigs to factory floors and wind farms – underscore that effective PCB repairs translate directly into dollars

saved and production time gained.

However, not all repair services are equal. It is crucial for companies to choose a qualified repair partner

that  emphasizes  quality  and reliability.  Look for  providers  with  a  proven track  record in  your  industry,

knowledgeable  staff,  and  clear  adherence  to  standards  like  IPC-A-610  for  workmanship  and  ESD-safe

handling . Fast turnaround should not come at the expense of thorough testing and quality assurance –

the  best  services  manage  to  deliver  both  speed  and  quality  by  leveraging  experience  and  proper

equipment. Additionally, a good repair service will communicate with you, provide failure analysis insights,

and often give a warranty on the repaired board, indicating confidence in their work.

In summary, PCB repair services represent a fusion of engineering skill and practical problem-solving that

keeps critical systems humming. In an era where electronics are ubiquitous and increasingly complex, the

ability to repair rather than replace is more valuable than ever. By repairing, we conserve resources, cut

costs, and maintain continuity of operations. So, the next time a crucial circuit board fails, remember that a

well-executed repair isn’t just a stop-gap solution – it can restore your equipment to full health and might

even make it better (with upgraded components or extended lifespan). As the examples in this article show,

investing in quality PCB repair is often an excellent decision for both business and technical outcomes. With

the right expertise at your service, you can turn a PCB failure from a major headache into a manageable,

efficient fix – getting you back online faster and smarter.
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