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O V E R V I E W

Executive Summary
A  S P E C I F I C A T I O N  P R O B L E M  H I D I N G  I N  P L A I N  S I G H T

When your organization purchases a new machine, your specification 
documents cover line speed, product handling, sanitary design, controls 
platform, and safety compliance. What they almost certainly do not specify 
is how the hundreds of sensor, actuator, and network connections inside 
that machine are terminated. That gap is costing you money.

Machines arrive on production floors with field-attachable M12 and M8 
connectors that were hand-wired on the OEM's shop floor. These 
connections introduce a measurable defect rate at installation, and the 
ones that survive commissioning degrade progressively under thermal 
cycling, vibration, washdown exposure, and chemical contact inherent in 
your production environment. The result is intermittent faults, nuisance 
alarms, unplanned downtime, and maintenance hours spent chasing 
electrical problems that trace back to connector degradation.

This white paper presents independent research and field data that 
quantify this risk, explain the degradation mechanisms behind it, and 
provide specific specification language you can incorporate into new 
machine purchase orders to eliminate field-attachable connectors as a 
source of downtime.

Will your next machine arrive with the same hidden failure points?

57%
of all connector failures are installation-
related

KEMA / DNV

30-60%
of electrical problems in operating systems 
are connector-related

Volvo / BTH University

30.3%
of industrial electrical failures are loose 
connections

GraceSense

T H E  F I E L D - W I R E D  C O N N E C T O R  F A I L U R E  P A T H W A Y

Field assembly → Pass FAT → Production stress → Degradation → Downtime

Nearly every field-wired connector will follow this sequence. The question is not whether downtime will occur, but when.

T H E  C O R E  F I N D I N G

Field-attachable connectors introduce a measurable defect rate at installation, and the connections that survive 
commissioning degrade progressively under the stresses found in every production environment. By specifying 
factory over-molded, 100% tested cordsets with connectors on both ends, your engineering team eliminates the 
single largest category of electrical failure from every machine you buy.

C O N N E C T I V I T Y  C O L I N  — I N D U S T R I A L  C O N N E C T I V I T Y  S E R I E S 02

"Four clauses added to your electrical specifications. Zero capital investment. Potentially l l l

l half a million dollars in annual downtime costs eliminated. This specification gap is the l l

l highest-return line item your engineering team isn't writing yet.“ 
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01 T H E  R E L I A B I L I T Y  G A P

The Reliability Gap You Are Inheriting
I N S T A L L A T I O N  E R R O R  I S  T H E  D O M I N A N T  F A I L U R E  C A U S E

57%
of termination failures are 
installation-related, per 
KEMA analysis of 1,000+ 
samples

KEMA / DNV

23%
of all unplanned downtime 
in global manufacturing is 
caused by human error

Henkel / Loctite

5-10%
estimated failure rate for 
field-terminated M12/M8 
connectors on packaging 
machines

Industry consensus

10-20
connections defective or 
marginal on a typical 200-
point machine at a 5-10% 
failure rate

Field estimate

Every field-attachable connector on a new machine represents a termination assembled by hand by a technician whose 
skill level, training, fatigue, tool condition, and time pressure are variable and cannot be verified. The machine builder 
tested it at commissioning. It passed. But that test only captures the state of the connection on the day it was made.

In controlled factory environments with dedicated inspection processes, manual crimping still yields 0.5-1.2% reject 
rates, compared to 0.03-0.08% for automated processes. In a factory, defective connections are caught before they ship. 
On the OEM's build floor, the field-terminated connector installation error rate rises to 5-10%, and they are typically 
tested for the first time when someone powers up the machine.

D E F E C T  R A T E S  B Y  T E R M I N A T I O N  M E T H O D

Manual crimping (factory, with QC) 0.5-1.2%

Automated over-molded factory process 0.03-0.08%

Field-assembled by OEM technician 5-10%

"Virtually every field connector failure can be traced to an error during installation." Connector reliability research

T H E  C O R E  P R O B L E M

The machine builder tested the connectors during start-up and commissioning, and they passed. But those tests only 
confirm the connector’s condition at that moment. Your production environment is a much tougher test, one that 
runs every shift, under vibration, thermal cycling, and mechanical stress, for the life of the machine.

C O N N E C T I V I T Y  C O L I N  — I N D U S T R I A L  C O N N E C T I V I T Y  S E R I E S 03
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02 D E G R A D A T I O N  M E C H A N I S M S

Why Connections That Pass at Commissioning Fail 
Later
The connections that fail at commissioning get caught and fixed. The ones that cost real money are the connections that 
test fine on day one and then degrade progressively under the operating conditions in your facility. Here are four 
mechanisms drive that degradation.

H I G H  R I S K

Fretting Corrosion

Caused by micromotion from vibration and thermal 
expansion. These movements wear through metal 
plating into base material, which oxidizes. The oxide 
layer builds progressively, acting as an insulator and 
creating increased resistance, voltage drop, and signal 
loss. In high-vibration environments, movements as 
small as 3 micrometers can generate 10 ohms of 
contact resistance in as few as 200 cycles.

H I G H  R I S K

Thermal Cycling Fatigue

Every thermal cycle works every joint interface 
independently. In an over-molded connection, all 
components expand together. In a field-assembled 
connector, the contact pin, wire, screw terminal body, 
and housing each move independently. Once a 
connection loosens, vibration compounds the problem 
and the resulting wear creates increased contact 
resistance, which generates more heat, accelerating 
further degradation.

H I D D E N  C O S T

Moisture and Seal Failure

A factory over-molded M12 connector rated IP67 
maintains that rating for life because the seal is part of 
the molded structure. A field-wireable connector 
achieves its IP rating only if the grommet is correctly 
sized, the cable diameter matches, the jacket is cut 
cleanly, and the backshell is properly torqued. One 
misstep compromises environmental protection from 
day one. Moisture is the second-largest cause of 
industrial electrical failures at 17.4%.

H I D D E N  C O S T

Progressive Resistance Buildup

Field data from automotive systems shows connector 
degradation contributes to 30-60% of all electrical 
problems in operating systems. In industrial 
environments specifically, loose connections account 
for 30.3% of all electrical failures. The critical issue is 
that resistance buildup is silent and gradual. 
Intermittent sensor faults, communication errors, and 
erratic actuator behaviour appear and clear on reset, 
masking the true root cause for months.

Micromotion

vibration + heat
→

Contact wear

plating removed
→

Oxide buildup

insulating layer
→

Resistance rises

heat generated
→

Accelerated wear

cycle repeats

T H E  F R E T T I N G  C O R R O S I O N  F E E D B A C K  L O O P

T H E  C O M P O U N D I N G  E F F E C T

Each of these four mechanisms amplifies the others. Moisture ingress accelerates corrosion. Thermal cycling 
loosens contacts that vibration then works further. Increased resistance generates heat, which accelerates other 
degradation pathways. None of this is detectable on commissioning day.

C O N N E C T I V I T Y  C O L I N  — I N D U S T R I A L  C O N N E C T I V I T Y  S E R I E S 04
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02 D E G R A D A T I O N  T I M E L I N E

The Failure Timeline on Your Production Floor

Field-assembled connectors do not fail on day one. They fail on a predictable timeline driven by the production 
environment your machines operate in. The three stages below describe what actually happens after commissioning.

S T A G E  0 1

Months 0-6:
Silent Degradation

All field connectors pass 
commissioning, and the machine 
gets accepted. Then, thermal 
cycling and production vibration 
begin stressing every field-
terminated joint. Screw terminals 
slowly relax. Weakened seals allow 
trace moisture to enter. Contact 
resistance rises, but remains 
below fault thresholds. Nothing 
appears in the maintenance logs.

S T A G E  0 2

Months 6-18:
Intermittent Faults

Fretting corrosion advances at 
exposed contact interfaces. Oxide 
film accumulates. Intermittent 
sensor faults and communication 
errors appear and clear on reset. 
Maintenance logs them as 
nuisance alarms. Nobody opens 
the connector because it was fine 
at startup. Engineering time is 
spent investigating sensors, 
controllers, and network switches 
instead.

S T A G E  0 3

Months 18-36:
Escalating Failures

Accumulated oxide insulates 
contact surfaces. High resistance 
generates localized heating. 
Connectors may show 
discoloration. Intermittent faults 
increase in frequency. 
Maintenance eventually isolates 
and replaces the connector. The 
cycle has already started at the 
next weakest point in the field-
terminated population.

R E L A T I V E  C O N T A C T  R E S I S T A N C E  O V E R  T I M E  - F I E L D - A S S E M B L E D  V S  
O V E R - M O L D E D  C O N N E C T O R S

Month 0 Month 6 Month 12 Month 18 Month 24 Month 36

Field-assembled Over-molded (factory)

T H E  D I A G N O S T I C  C H A L L E N G E

Intermittent connector faults are among the most difficult electrical problems to diagnose. The symptoms mimic 
problems in the sensor, the controller, the network switch, or the software. Maintenance teams routinely replace 
sensors, swap I/O modules, and update firmware before someone finally opens a connector body and finds a corroded 
terminal. Every hour spent chasing these ghosts is an hour not spent on maintenance that actually drives OEE 
improvement.

C O N N E C T I V I T Y  C O L I N  — I N D U S T R I A L  C O N N E C T I V I T Y  S E R I E S 05
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03 C O S T  I M P A C T

What This Costs Your Operation

Consider a CPG plant with 5 packaging lines, each containing 200 M12/M8 field-connectors, for a total of 1,000 field-
connection points. At a 3% intermittent fault rate in the first 24 months, the numbers below represent a conservative 
estimate of the cost exposure from connectors alone.

1,000
Field-connectors
across the plant

× 3%
Intermittent fault

rate estimate

= 30
Connectors

developing faults

× $20-60K
Cost per hour of

unplanned downtime

= $30K-$540K
Estimated annual

exposure

T A B L E  1  - C O N N E C T O R  F A U L T  I M P A C T  E S T I M A T E :  5 - L I N E P L A N T

Impact Factor Conservative High End

M12/M8 connections across line 1,000 1,000

Connections developing intermittent faults (3%) 30 30

Troubleshooting time per fault (hours) 1 hr 3 hrs

Maintenance labour hours consumed 30 hrs 90 hrs

Unplanned line stops per year 6 12

Average stop duration (minutes) 15 min 45 min

Lost production hours per year 1.5 hrs 9.0 hrs

Cost per hour of unplanned downtime $20,000 $60,000+

Estimated annual downtime cost (connectors only) $30,000 $540,000

T H E  H I D D E N  M U L T I P L I E R

These figures do not include the indirect costs: engineering time spent diagnosing intermittent faults that mimic sensor 
or controller problems; spare parts consumed in troubleshooting before the root cause is isolated; the maintenance 
team's loss of confidence in machine reliability; or production planning disruptions caused by unpredictable machine 
availability.

C O N N E C T I V I T Y  C O L I N  — I N D U S T R I A L  C O N N E C T I V I T Y  S E R I E S 06
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04 T H E  S T A N D A R D

The Over-Molded Standard: What to Specify and 
Why
A factory over-molded M12 or M8 cordset eliminates every failure pathway described in this paper. The wire-to-contact 
termination is made by automated equipment under controlled conditions. The connection is encapsulated in molten 
thermoplastic that bonds cable, contacts, and housing into a single sealed unit. Every cordset is 100% electrically tested 
before it leaves the factory.

O L D  M O D E L  — F I E L D - A T T A C H A B L E

Hand-assembled by technician - skill level unverifiable

Tested once at start-up/commissioning, never again

IP rating depends on correct grommet sizing, jacket 
cut, and backshell torque

Screw terminals or IDC vampires micro-relax under 
thermal cycling and vibration

Contact surfaces exposed to fretting corrosion and 
moisture ingress

Replacement requires wire stripping, crimping, and 
termination tools

N E W  S T A N D A R D  — O V E R - M O L D E D

Automated equipment under controlled factory 
conditions

100% electrically tested for continuity, insulation 
resistance, and pin assignment

IP67/IP68 rating is factory-integral - not dependent on 
field assembly technique

Single encapsulated unit - no independent joint 
interfaces to work loose

No degradation entry point for fretting corrosion or 
moisture ingress

Replacement by maintenance personnel with no 
special tools - under 5 minutes

Specifying over-molded connectors on both ends of each cordset is critical. A cordset with an over-molded connector on 
the device end and a field-stripped wire on the I/O end still introduces all the human variability and degradation risk at 
the I/O termination point. The specification must require factory-made cordsets with over-molded connectors on both 
ends, creating a fully connectorized, plug-and-play wiring architecture.

"Achieving the necessary seal with field-assembled cordsets can be challenging, if not l l

l impossible, since mechanical means and adhesives lack the sealing qualities of factory-l 

l applied connector moldings."  Turck Inc., White Paper W1009

T H R E E  A D V A N T A G E S  F O R  C P G  M A N U F A C T U R E R S

Every connection is factory-tested before installation. Every seal is factory-integral and does not depend on field 
assembly technique. Every connection can be replaced by maintenance personnel without specialized termination 
skills, tools, or training.

C O N N E C T I V I T Y  C O L I N  — I N D U S T R I A L  C O N N E C T I V I T Y  S E R I E S 07
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05 S P E C I F I C A T I O N  L A N G U A G E

What to Put in Your Purchase Order

The following four specification clauses are ready to incorporate into new machine purchase orders, RFQs, and 
equipment standards. Adapt the language to align with your organization's document standards. The goal of these 
clauses is to reverse the default: over-molded cordsets become the standard, and field-attachable connectors require 
explicit written justification.

C L A U S E  0 1

Connector Standard

All M12 and M8 sensor, actuator, network, and power 
connections shall use factory-manufactured, over-
molded cordsets with connectors on both ends. Each 
cordset shall be 100% electrically tested for continuity, 
insulation resistance, and correct pin assignment prior 
to shipment. Environmental protection (IP67 
minimum) shall be achieved through factory-integral 
molded seals, not through field-assembled gaskets, 
grommets, or adhesives.

C L A U S E  0 2

Field-Attachable Restriction

Field-attachable, field-wireable, or field-terminated 
M12 and M8 connectors are not permitted on new 
machine builds unless specific written approval is 
obtained from [Buyer Engineering Authority] for a 
defined exception. Approved exceptions shall be 
documented with justification, machine location, and 
a defined maintenance inspection interval.

C L A U S E  0 3

Cable and Cordset Requirements

All cordsets shall use cable jacket materials 
appropriate to the operating environment (PUR 
minimum for general industrial; TPE for applications 
requiring oil resistance, chemical resistance, or 
extended flex life). Cable ratings shall include UL/CSA 
listing appropriate to the installation method. Shielded 
cordsets shall be used for all EtherNet/IP, PROFINET, 
EtherCAT, and IO-Link network connections.

C L A U S E  0 4

Serviceability Requirement

The machine wiring architecture shall enable 
replacement of any sensor, actuator, or network 
connection by plant maintenance personnel using 
standard tools (torque wrench-tightened M12/M8 
connectors) without wire stripping, crimping, 
soldering, or specialized termination equipment. 
Maximum time to replace any single connection point 
shall not exceed 5 minutes.

W H Y  T H E  S P E C I F I C A T I O N  P A Y S  F O R  I T S E L F

100%
of factory over-molded cordsets 
electrically tested before shipment

< 5 min
to replace any connection - no 
tools, no training required

$0
capital investment required to add 
these clauses to your next PO

O N  E X C E P T I O N S

Retrofit connections to legacy equipment may occasionally require a field-attachable connector. These clauses 
reverse the default - explicit written justification is required for any exception.

C O N N E C T I V I T Y  C O L I N  — I N D U S T R I A L  C O N N E C T I V I T Y  S E R I E S 08
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C O N C L U S I O N

Take Control of a Risk You Have Been Accepting by Default

The evidence from independent laboratories, peer-reviewed research, and field reliability data is consistent. By 
specifying factory over-molded, 100% tested cordsets with connectors on both ends, your engineering team eliminates 
the single largest category of electrical failure from every machine you buy. Five propositions summarize the case.

F I V E  P R O P O S I T I O N S

01 Field-assembled connectors introduce a measurable defect rate at installation.

57% of all termination failures are installation-related. On a machine with 200 connection points at a 5-10% field 
failure rate, 10-20 connections are defective or marginal from day one. Commissioning tests cannot reliably detect 
marginal connections.

02 The connections that survive commissioning degrade progressively under production conditions.

Fretting corrosion, thermal cycling fatigue, moisture ingress, and progressive resistance buildup combine to turn 
good connections into intermittent faults over 6 to 36 months. Connector degradation drives 30-60% of all electrical 
problems in operating systems.

03 Intermittent connector faults are expensive and difficult to diagnose.

The symptoms mimic sensor, controller, and network problems. Maintenance teams replace components and 
update firmware before the root cause is isolated. Every misdiagnosed hour is an hour not spent on maintenance 
that actually drives OEE improvement.

04 Factory over-molded cordsets eliminate every failure pathway described in this paper.

Automated assembly, factory-integral seals, and 100% electrical testing before shipment remove the human 
variability and degradation entry points that field-assembled connectors cannot avoid. The IP rating holds for the life 
of the cordset, not just the day of installation.

05 The specification gap is solvable with four standard clauses in your purchase order.

You already specify the controls platform, safety system, sanitary design, and line speed. Adding four specification 
clauses to your equipment standard requires no capital investment, no supplier change, and no redesign. It requires 
a decision to stop accepting the default.

T H E  B O T T O M  L I N E

Connector degradation is a quantified, documented, preventable cause of downtime. The unit cost difference on 
the bill of materials is visible. The total cost difference, when maintenance labour, unplanned downtime, 
troubleshooting hours, and production disruption are factored in, overwhelmingly favors the over-molded standard.

C O N N E C T I V I T Y  C O L I N  — I N D U S T R I A L  C O N N E C T I V I T Y  S E R I E S 09
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Ready to Close Your

Specification Gaps?

If you want to evaluate the connectivity architecture on your existing or incoming machines and close your 
specification gap, a 30-minute Connectivity Chat is the practical next step. This is not a sales presentation. It is 
a working session to identify opportunities to eliminate or reduce future downtime on your machine and 
equipment purchases

F R E E  3 0 - M I N U T E  C O N S U L T A T I O N

Book a Connectivity Chat

A complimentary online chat for CPG engineering and maintenance teams evaluating new equipment 
specifications or auditing existing machine connectivity.

Review your current machine specification language for connectivity gaps

Identify field-attachable connector populations on existing equipment

Quantify the downtime exposure using your actual line rate and hourly cost

Leave with a draft specification clause set ready for your next purchase order

Book your session at ConnectivityColin.com/chat
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