HVAC SELF-TEACHING PROGRAM ¢ UNIT 6: ELECTRICAL FOR HVAC Il ¢ LESSON 6.5

Low-Voltage Troubleshooting: Finding
Shorts Fast

YES Electric « Arc Workforce Academy HVAC Apprenticeship

Draft 1 (October 2026). This lesson is under review. Videos are made by other companies, not YES
Electric; follow this lesson and your journeyman where they differ. Boxes marked "Shop photo coming" will
get real photos from our shop in a later version.

Unit 6 - Electrical for HVAC Il - Appendix A Comp 20 (continues) Class time: ~4 hrs (1
video + 3 hunt bench)

1. What you'll be able to do

* Split every 24 V complaint into the two families and run the right hunt: OPEN (no 24 V
somewhere it belongs — voltage-trace it) vs SHORT (the 3 A fuse pops / transformer dies —
divide-and-isolate it). (3.3's failure pair, now at full speed.)

* Run the divide-and-conquer short hunt: fuse pops — disconnect the legs (Y to the
condenser, the stat bundle, accessory loads) — fresh fuse/resettable —» reconnect one leg at a
time - the leg that pops it owns the short -» walk THAT wire.

e Use the pro tools: resettable-breaker fuse substitutes (stop burning 3 A fuses), amp-
clamp-on-the-24V trick (a shorted circuit pulls big amps before the pop), the meter's beeper
on isolated runs.

* Find the physical culprit fast from the probability map: stat wire chafed on duct edges/
staples, rubbed at the condenser entry, chewed by dogs/mowers at the outdoor
run, pinched under the air-handler door.

* Repair to professional standard: no flying splices in walls — junction at accessible points,
proper connectors, sleeve/re-route the wound, label.

2. Tools & materials

* The short board: a furnace/stat/condenser wiring sim with six hideable faults (chafes, pinches,
a shorted coil, an open splice)

* Resettable fuse substitutes + a box of sacrificial 3 A fuses (the budget makes the lesson)
* Meters, amp clamp; wire repair kit (connectors, sleeves, zip ties, label tags)
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3. Watch first

I N )

Finding Low Voltage Shorts Fast ¢§dS]erV|ce 11:42 The divide-and-conquer method
2 How to Fin Low Volt hort %;ZdS]ervice 11:09 Second pass, different fault
3 Euse tat Wirin the Blown 24V ﬁeccservice 8:56 The classic call, start to finish
5 memmmmu HVAC School @ 36:44 The master class

4. The idea

Two families, two hunts

THE TWO LOW-VOLTAGE HUNTS

method
VOLTAGE-TRACE the rung: R at board? — R at stat?

E R at board? — —> command _, :ﬂéﬂi
7
~

conviction card

FULL VOLTAGE ACROSS one
device or splice = THAT is your open

suspects list

EI" door switch - blown fuse - H

a short
visited!

FAMILY OPEN — no 24V where it belongs / 5

symptoms - blank stat - one function dead

7

=0: - condenser whip splice - the stat itself (jumperdrlll)
— J

)| Ealaah KV, 873

)
FAMILY SHORT — the 3A fuse pops ;
method
1. DIVIDE: disconnect legs at board & >3=
(Y-out, stat bundle, accessories)
2. resettable fuse substitute in ﬁg
3. reconnect ONE leg at a time — — g’%%
the leg that pops OWNS it
4. walk that wire (probability map)
+ beeper confirms
5. coil device? OHM it: 2Q) contactor coﬂ = conwcted
WHERE STAT WIRE DIES: duct edges - staples - condenser
whip rub - mowers & dogs - UV rot — outdoor run = ~60%

JF=E NEVER JUST RE-FUSE — the fuse is the witness I&&

Family OPEN —

"no 24 V where it belongs" (stat blank, no call works, one function

dead): Voltage-trace along the rung (3.7's predict-then-measure): R at the board? —» R at the
stat? - command back at the board? — out to the device? Full voltage ACROSS any single
device/splice = that's your open (3.2's golden rule). Top culprits: the door-switch family (3.1),
blown fuse (which means family SHORT visited earlier!), broken splice at the condenser whip, the
stat itself (jumper drill from 6.4 acquits or convicts it in a minute).
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https://youtu.be/VHWEoXsViFY
https://youtu.be/Odf_df_YNvI
https://youtu.be/j7HeLAZVTzs
https://youtu.be/j7HeLAZVTzs
https://youtu.be/DDJkBYgoOgA
https://youtu.be/DDJkBYgoOgA
https://youtu.be/XimeHQS_hUE
https://youtu.be/XimeHQS_hUE

Family SHORT — "the fuse pops / transformer cooked": Something connects 24 V hot to
common/ground without a load in between (3.3: the bypass). The fuse died protecting the
transformer (3.4). Never just re-fuse — hunt:

1. Divide: disconnect the candidate legs at the board: Y-out (to condenser), the stat bundle
(R or all), accessories (humidifier/UV/zone).

2. Resettable substitute in (or fresh fuse), power up — holds? The short is in a
disconnected leg.

3. Reconnect one leg at a time until it pops/trips: that leg owns it.

4. Walk that wire with eyes + the probability map; confirm the wound with the beeper
(isolated, dead — 3.2's commandments).

5. Special case: the leg that pops is a COIL device (contactor coil reading 2 Q instead of ~15
— 3.6's shorted-coil epidemic): the meter convicts in one reading.

The probability map (where stat wire dies)

Sheet-metal edges win: the air-handler knockout without a grommet, the duct edge the bundle
lays across, the staple driven too hard at framing (2.1's "burn an inch" cousin — installer crimes
age into service calls), the condenser whip where the slack rubs the cabinet in the wind, the
outdoor run vs weed-eaters and dogs, and UV-rotted insulation on sun-exposed runs. Outdoor
sections of the run answer for ~60% of shorts; the attic transitions take most of the rest.

Amp-clamp speed trick

A dead-shorted 24 V circuit pulls amps limited only by the transformer (a 40 VA at dead short
tries ~ several amps before the fuse lets go). Clamp one transformer secondary lead with a
fresh path connected: a healthy control circuit idles well under 1 A; a multi-amp reading the
instant a leg reconnects = that leg, no fuse sacrificed. The 10-wrap trick (3.2) sharpens
resolution on small loads.

Repair standards

Cut back to clean copper, proper connectors (no tape-only twists), junctions only at
accessible points (a splice buried in a wall is tomorrow's mystery), sleeve/loom across any
edge that caused the wound + re-route or grommet the edge, zip-tie the slack, label what you
did at the board ("Y repaired @ condenser whip 6/2026"). The repair that prevents the repeat is
the billable one.

5. Bench procedure — hunt day

1. Family sort drill: eight symptom cards - OPEN or SHORT + first move. 100% before the
board.

2. Open hunts (3 rounds): the board rigged with: a failed splice in the Y run, a door-switch
trick, a dead stat — voltage-trace each, with the across-the-device conviction stated.
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3. Short hunts (3 rounds, the main event): chafe under a "duct edge," shorted contactor
coil, pinched wire at the "condenser" — full divide-and-conquer with resettable sub; each
fuse burned = points lost; amp-clamp trick demonstrated on round 3.

4. Walk-the-wire field exercise: outside to the shop's mock condenser whip — find the
planted UV-rot + chafe by eye before the meter confirms.

5. Repair lab: each found wound repaired to standard (connectors, sleeve, re-route, label).
Instructor inspects like a warranty adjuster.

6. The race: final fault, solo, clock running — target under 15 minutes symptom-to-labeled-
repair.

Checkout: one unknown open + one unknown short, both found and repaired to standard, under
time, narrated. Comp 20 advances.

6. Field gotchas

* The re-fuse-and-run tech creates the call-back where the transformer dies (no fuse spare
#3 in the truck = improvised foil = dead board). The fuse is the withess; interrogate it.

* Intermittent shorts (wind-moved whip, mower-season wounds) hold all day in the shop and
pop at 2 AM: walk the OUTDOOR run first on any repeat-fuse history; wiggle-test while
clamped.

* Two transformers (3.4) double the hunt space — know which rail you're chasing before
dividing.

* Shorted stat wire from the INSTALL (staple through the jacket) can hide for years until
humidity closes the gap — new-install fuse pops = inspect the new pull first, pride second.

* Don't forget loads can short too (coils, solenoids) — the divide finds the leg; the
OHMMETER convicts coil-vs-wire (a 2 Q contactor coil ends the wire-walk early, 3.6).

* Document the wound photo in the ticket — chafe pictures sell the re-route/grommet repair
honestly.

7. Competency link

e Comp 20 advances (the 24 V half of "troubleshoot refrigeration circuits using system
diagnostics").

* The divide-and-conquer pattern returns at boards (6.6), defrost circuits (8.2), zone systems
(10.15), comm wiring (9.4 — DC flavor).

8. Check yourself
1. The two families, their signature symptoms, and the right hunt for each.

2. Why does "replace the fuse and see" guarantee a second truck roll?
3. Divide-and-conquer, all five steps, from memory.
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4. The amp-clamp trick: what does a healthy circuit idle at, what does a short read, and where
do you clamp?

5. Five entries from the probability map — and which zone owns ~60% of shorts?
6. Full voltage across a splice in a live rung means what?

7. The leg that pops is the Y-out to the condenser. Two candidate culprits — one wire, one
component — and the reading that splits them.

8. Three repair-standard rules and why buried splices are banned.
9. Intermittent pop, three fuses this month, system fine in your presence. Your move?
10. What goes on the label at the board, and who is it for?

Arc Workforce Academy - YES Electric LLC Apprenticeship 2026-AL-141731 - Lesson 6.5 v1.0
(2026-06-10)
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