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ABSTRACT

Warranty and field service is the part of the product lifecycle that most consumer-hardware founders under-cost.
Field-return rates of 3-8 % are typical; the cost per return (shipping, refurb, replacement) can be 30-60 % of the
unit cost. Without a reserve in the unit price, return spikes consume gross margin.

Section 1 covers warranty policy design and exclusions. Section 2 covers the RMA (Return Merchandise
Authorisation) process. Section 3 covers field-failure analysis. Section 4 covers MTBF / reliability tracking. Section
5 covers support tiers. Section 6 covers cost reserves and accounting.

HARDWARE PRODUCT DEVELOPMENT - 7-STAGE PIPELINE

01 02 03 04 05 06 07
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Intent CAD-PCB Test plan RFQ-BOM Golden QC - cert Freight
Constraints DFM review Iterate Contract Approval Ramp Customs
PHASE 1 - DEFINE PHASE 2 - BUILD PHASE 3 - PRODUCE PHASE 4 - DELIVER

WARRANTY + FIELD SERVICE IS PHASE 5 (OPERATE) OF THE PRODUCT LIFECYCLE — THE COST RESERVE THAT DECIDES WHETHER THE
BUSINESS SURVIVES POST-LAUNCH.
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Warranty policy design

The warranty is a contractual commitment plus a marketing message. Both sides need clear specification.

1.1 Standard warranty terms (consumer hardware)

CATEGORY TYPICAL TERM NOTES

Consumer electronics 1year (US/EU); 2 years (EU EU 2019/771 requires minimum 2 years for products sold to
mandatory) consumers

Premium / Apple-class 1year base + extended program Optional extended warranty

Wearables / fithess 1 year (consumer); 2 years (medical-
tier)

Smart home, loT 1-2 years

Industrial / 1-3 years Higher pricing supports longer warranty

professional

Automotive 3-5 years Per OEM contract

1.2 EU Consumer Sales Directive 2019/771 (effective 2022)
Minimum 2-year warranty mandatory for B2C sales.

Reversed burden of proof for first year
Defects in first year are assumed to be present at delivery.

Updates obligation for products with "digital element" (apps, firmware)
Provide updates for "reasonable time".

Right to remedy
Repair, replacement, price reduction, or contract termination.

Cannot waive in contracts
Consumer cannot be made to accept less.

1.3 US warranty considerations

Magnuson-Moss Act
Federal law requires warranty terms be available pre-purchase.

Express vs. implied warranty
Express is what you say; implied is what's reasonable. Limit both in writing.

State-by-state limitations
Some states (CA, NY, MA) override certain warranty limitations.

1.4 Warranty scope decisions

What's covered
Manufacturing defects, component failure, software bugs (sometimes).

What's excluded
User damage (drop, water), unauthorised modifications, normal wear, cosmetic-only issues.

Coverage tier
Mandatory (per law) vs. optional extended.

Replacement vs. repair
Most consumer products go straight to replacement; industrial repair.



1.5 Exclusion language (typical)

" This warranty does not cover:

Physical damage from accidents, drops, or impacts

Water damage beyond the IP rating

Damage from unauthorised modifications

Cosmetic wear from normal use

Damage from incompatible accessories

Issues caused by user error not addressed by clear documentation
Loss of data or business interruption

Consumable components (batteries beyond cycle warranty)

1.6 Battery warranty

Lithium batteries have a cycle-life warranty separate from the product warranty:
First year + ~80 % capacity
Industry standard; replace if below 80 %.

Apple iPhone
1year, 80 % retained capacity for 1 year of use.

EV batteries
8 years / 70-80 % retained capacity.

Consumer electronics
Often 1 year + ~70-80 % capacity warranty.



RMA process

The RMA (Return Merchandise Authorisation) is the customer-facing process for warranty returns. Designed well, it
filters legitimate returns from misuse claims.

2.1 RMA workflow

Customer reports issue — Service triage (online or phone) | |—> Software / setup issue - Self-help
— User error / abuse - Not covered L— Hardware defect - RMA approved | |— Return label issuved }—
Replacement shipped (sometimes) |— Failed unit received |— Defect analysis |— Refurb or scrap L—
Trend logged

2.2 RMA triage gates (catches 60-80 % of "defective" claims that are actually user error)

Symptom description
Specific failure mode (not "doesn't work").

Setup verification
Has user followed correct setup? (App connected, paired, charged, etc.)

Software/firmware version
Is unit on latest version? Force update if not.

Self-test results
Run remote diagnostic if available; capture sensor readings.

Pre-shipment photos
Customer photo of issue; reveals impact damage, missing parts.

Identification
Serial number, purchase date, channel.

2.3 Replacement decisions

Cross-ship (replacement before return)
Higher customer satisfaction; risk of receiving non-defective return.

Repair-only (no replacement)
Lower cost; longer customer wait time.

Refurbished replacement
Standard for many brands; ~60-80 % of original product cost.

New replacement
Premium customer experience; full BoM cost.

2.4 Returns processing

Diagnostic at receiving
Standard tests verify the reported failure.

No-fault-found (NFF) rate
Typically 20-40 % of returns. Document; refurb and resell.

True failures
Refurb (if economical) or scrap.

Repair cost vs. replacement cost
If refurb cost > 60 % of new, scrap.



Field-failure analysis

Returns are data. Trends in returns reveal product issues earlier than aggregate yield numbers.

3.1 Failure mode analysis

MODE DIAGNOSTIC

Mechanical breakage Visual + impact analysis

Battery swelling / leak Visual + capacity test

Charge fault Voltage measurement at fault chain
Cosmetic damage Visual at multiple light angles
Connector failure Insertion test + visual

Cable failure Continuity + flexure test

Sensor drift Calibration test vs. golden sample
Firmware corruption Re-flash and re-test

RF / wireless failure RSSI + transmit test

3.2 Root-cause analysis (5 Whys)

For each failed unit: 1. Why did the device fail? (Symptom) 2. Why did that happen? (Mechanism) 3. Why did the
mechanism occur? (Process or design issue) 4. Why did the process or design have that issue? (Process control gap) 5.
Why was the control gap not caught? (System improvement opportunity)

Each "why" deepens understanding; root cause is usually 3-5 levels down.

3.3 Pareto analysis

80 % of failures come from 20 % of failure modes. Identify the top 5 failure modes; fix those first.
™ Example field-return distribution (year 1, 5 000 units returned):

Battery degradation 1800 (36%) Charging connector wear 850 (17%) Display defect 600 (12%) App connectivity 400 (8%)
Mechanical (button) 350 (7%) Cosmetic (scratch) 280 (6%) Other 720 (14%) —— Total 5 000 ™

Top 3 (battery, charging, display) = 65 % of returns. Investigate root causes; prioritise these for ECN.

3.4 Trend tracking

Monitor monthly:

Total returns vs. shipped (return rate %)

Returns by failure mode

Returns by manufacturing batch (date code, lot)
Returns by region (climate, usage patterns)

Returns vs. age of product



MTBF + reliability

MTBF (Mean Time Between Failures) is the expected operating hours between failures.

4.1 MTBF estimation

" MTBF (hours) = Total operating hours / Number of failures

Example: 1 000 units, average usage 8 hours/day, 12 months in field, 50 failures: Operating hours =1000 x 8 x 30 x 12 =2
880 000 hours MTBF =2 880 000 / 50 = 57 600 hours (~6.6 years operating, ~22 years calendar) ™

4.2 MTBF interpretation

Calendar time vs. operating time
A product used 1 hour per day has 24x higher MTBF (calendar) than one used 24 hours per day.

Field data trumps prediction
MIL-HDBK-217F and similar predictions are increasingly inaccurate; rely on field data.

Warranty period sets expectations
MTBF should comfortably exceed warranty period x usage rate.

MTBF varies by failure mode
Battery has its own MTBF (lifetime cycles); electronics have another.

4.3 Reliability metrics

METRIC DEFINITION USE

MTBF Mean Time Between Failures (repairable) Long-life equipment

MTTF Mean Time To Failure (non-repairable) Disposable / single-use
AFR (Annual Failure Rate) % units that fail per year Consumer product warranty
Bathtub curve Failure rate over time (high early, low mid, high late) Product lifecycle planning

4.4 Target AFR by product class

PRODUCT CLASS TARGET AFR PREMIUM TARGET
Consumer electronics 2-5 % <1%

Industrial / professional 1-3 % <0.5%

Medical / safety-critical <0.5% <01 %
Wearables 3-6 % <2%

Smart-home 2-4 % <1%




Support tiers

Customer support is the operational interface for warranty + general help.

5.1 Support tier structure

TIER SCOPE CHANNEL

Self-service Documentation, FAQ, troubleshooting Web, in-app

L1 (Triage) Setup issues, basic troubleshooting Email, chat, phone

L2 (Technical) Deep diagnosis, RMA decisions Phone, email + engineering escalation
L3 (Engineering) Product-side fixes, ECN triggers Internal escalation

Service center / partner repair Physical repair Geographic partner network

Field engineer On-site (industrial only) Direct dispatch

5.2 Self-service infrastructure

Knowledge base
Per-product FAQs, troubleshooting guides, video tutorials.

Diagnostic tools
In-app diagnostics that capture device state for support.

Forum / community
Peer-to-peer support reduces L1 ticket volume.

Status page
Service health for connected products.

5.3 L1cost economics

Cost per ticket
$10-30 for in-house, $5-15 for offshore.

Tickets per customer per year
Typically 0.05-0.15 for consumer products.

Self-service deflection
Good knowledge base deflects 40-70 % of L1 tickets.

5.4 Response time targets

TIER INITIAL RESPONSE RESOLUTION

L1 (urgent) 1-2 hours 24-48 hours

L1 (normal) 24 hours 3-5 days

L2 24-48 hours 5-10 days

L3 (engineering) 48-72 hours 2-4 weeks

RMA decision 1-3 days Per RMA workflow

Replacement shipped 1-5 days after RMA approval




Cost reserves + accounting

Warranty cost is real. Account for it; reserve for it.

6.1 Warranty cost components

RMA processing labor
$15-30 per RMA

Return shipping
$5-25 per parcel

Diagnostic time
$10-30 per unit

Refurbishment material + labor
$5-30 per unit

Replacement unit cost (if applicable)
Unit cost x replacement rate

Outbound shipping
$5-25 per parcel

Customer service support

$5-50 per case

Total per RMA: typically $40-150 per case for consumer hardware.

6.2 Warranty reserve formula

“" Reserve per unit = (Expected return rate) x (Avg cost per RMA)

Example: 5 % return rate x $100/RMA = $5/unit reserve For a $50 COGS product, that's 10 % of COGS reserved against
warranty.

6.3 Setting the reserve

Pre-launch estimate
3-8 % return rate for consumer hardware (varies by category).

Year 1 actual
Track and adjust.

Year 2+ refined
Use field data + Pareto analysis to predict.

Reserve as accounting line
Recognised as expense at sale, drawn down as RMAs occur.

6.4 Per-channel warranty terms

CHANNEL TYPICAL WARRANTY PERIOD RETURNS RATE

Direct to consumer 1-2 years

Amazon 30-day return + 1-year warranty 5-10 % (many "buyer's remorse")
Specialty retail 1-2 years

Mass retail 90 days at retailer + manufacturer warranty

B2B / industrial 1-3 years




o

.5 Extended warranty (revenue opportunity)

Pricing
5-15 % of product price for 1-year extension.

Margin
50-70 % on extended warranty (industry-typical).

Channel
Direct customer offer; partner with third-party (SquareTrade, Asurion) for retail.

Disclosure required
Must clearly describe coverage; differentiate from manufacturer warranty.

FINAL NOTE. warranty and field service is the unseen part of hardware product economics. The unit cost on the BoM doesn't
include the $5-15 per unit reserved against future returns. Brands that under-reserve discover this in year 2 when accumulated
warranty costs eat into gross margin. Plan for returns from day 1; they'll come.



