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• The ABC’s of Vehicle Power Systems
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• Vehicle power systems consist of

• Alternator

• Battery

• Control system





ALTERNATOR 101

• 3 Phase Stator 

• Rotor Field coil

• Rectifiers (8)

• Voltage regulator 
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ALTERNATOR 101

• Alternator Rated output (SAE Specifications)

• Measured at 6,000 RPM alternator shaft speed

• Which is typically between 2000 to 3000 RPM engine RPM

• At idle (1500 RPM alternator shaft speed) its typically half of its “rated” output

• Your 150 amp alternator at idle will have 75 amp output

• Measured at 72 F

• Typical engine compartment temps at over 140 degrees 

• Output will be less



ALTERNATOR 101

• Alternator vulnerabilities 
• Heat is the number one killer of alternators 

• Rectifiers do not like high temperatures and have reduced performance 

• They have gotten better in the last couple of decades 

• Higher electrical loads increase alternator temperature and stress the rectifiers 
even more

• Manufacturers put the smallest alternator in most vehicles that they can get 
away with which increases the load on the rectifiers
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ALTERNATOR 101

• Alternator vulnerabilities 

• Stators coils 

• Vibration can cause shorts 

• Don’t like high temps 





ALTERNATOR 101

• Alternator vulnerabilities 

• Regulators 

• Heat

• Electrical  System Faults

• Wear/Dirt on brushes/slip rings 
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ALTERNATOR 101

• Alternator vulnerabilities 

• Rotor

• Wear/Dirt on slip rings

• Bearings 6000 RPM

• Significant Rotational mass





ALTERNATOR 101

• Alternator vulnerabilities 

• New alternators use “clutches” 



ALTERNATOR 101

• Alternator vulnerabilities 

• Overrunning Alternator Pulley (OAP)

• Designed to reduce shocks on the front drive belt system

• PDK transmissions have “lightning fast” shifts

• Caused by the high rotational force of the alternator rotor going to war with the 
crankshaft 

• Can seize or decouple the alternator 

• Can require special tools to replace 
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BATTERY 101

• A battery is a chemical storage system

• In automobiles it’s referred to as an SLI battery

• SLI: Starting Lighting Ignition 

• Note: Doesn’t say anything about “radios”

• Usually lead acid design 

• Some manufacturers have switched to AGM



BATTERY 101

• Fully charged lead acid battery

• 12.5 VDC (measured 24 hours after charging to allow “surface charge” to dissipate)

• 50% discharged lead acid battery

• 11.5 VDC

• Fully discharged lead acid battery

• 10.5 VDC

• Note: AGM Batteries voltages are higher



BATTERY 101

• Battery Specs

• Cold Cranking Amps (CCA):

• The discharge load in amperes that a new, fully charged battery can deliver at 0 
degrees F for 30 seconds while maintaining a voltage of 1.20 volts/cell or higher

• Cranking Amps (CA):

• The discharge load in amperes that a new, fully charged battery at 32 degrees F can 
continuously deliver for 30 seconds while maintaining a terminal voltage equal to or 
higher than 1.20 volts/cell

• Note: 0 degrees for CCA vs 32 degrees for CA



BATTERY 101

• Battery Specs

• Reserve Capacity (RC):

• The number of minutes a new, fully charged battery at 80 degrees F can be 
discharged at 25 amperes while maintaining a voltage of 1.75 volts/cell or higher. 

• For a 12-volt battery (six cells), RC is the number of minutes it can maintain a voltage 
of 10.5 volts with a 25-amp draw; therefore, a "75-minute" battery lasts 75 minutes 
under these conditions



BATTERY 101

• Life Span:

• Depends upon how much abuse it gets

• Figure 3 to 5 years 

• Less if you beat it to death

• High temps are not good for them

• The engine compartment can hit 160 F in the summer-time

• Cold temps reduce the available cranking current

• Hundreds of amps to crank an engine



BATTERY 101

AMPS Volts



AMPS



VEHICLE 101

• Vehicle manufactures are under intense pressure to hit their EPA CAFÉ milage numbers

• Everything is under a microscope

• The EPA “incentivizes” manufactures to employ various “schemes” to improve gas milage 

• The “Auto Start Stop”  system in many vehicles gives the manufacture a 0.5 MPG CAFÉ bonus

• Even though it doesn’t improve gas milage in the EPA MPG test cycle

• It does in my opinion, beat starters and batteries to death



VEHICLE 101

• Many now use advanced power system management techniques 

• Including 

• Cycling the Alternator on and off

• Discharging the battery to 11.5 VDC (50% discharge) before turning the alternator back 
on

• Which kills batteries 

• The cynic in me says that they have these systems setup to just get the battery past 
the warranty

• Managing the alternator output and measuring the current output and battery state of 
charge to reduce engine load and “improve” gas mileage



VEHICLE 101

• The ECM looks at the bus voltage and current being delivered by the alternator and the 
current in/out of the battery 

• It makes some decisions to turn on or off the alternator or decrease/increase its output 

• Uses the only battery (until it hits 11.5 VDC)

• EPA gives them a 0.5 MPG CAFÉ credit for this

• Even though it doesn’t improve gas mileage in the EPA MPG test cycle

• It does beat batteries to death



VEHICLE 101



VEHICLE 101



VEHICLE 101

• This makes using the vehicle electrical systems for amateur radio more “interesting”



RADIO 101

• So now that you have an overview of a vehicles electrical system how do you get clean power 
to your radio(s)

• Motorola recommends the radio be fed from the Positive Terminal of the battery

• And negative tied to chassis
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RADIO 101

• Motorola recommends the radio be fed from the Positive Terminal of the battery

• Note the fuse in the positive lead near the battery

• All Motorola power harnesses have a fuse holder with fuse at the far end of the harness

• Negative tied to the chassis

• I try to put the negative lead as close to the battery as possible

• This will tend to be the lowest noise point in the system



RADIO 101
• Places not to use

• Cigarette lighter sockets

• Those are not designed to be low noise, high current sources 

• They are designed to be cheap 

• No good comes from using them for your radio

• At the end of any OEM wiring harnesses

• Those are not designed to be low noise, high current sources 

• They are designed to be cheap 

• No good comes from using them for your radio



RADIO 101

• Battery Boosters

• I am not fan of battery boosters

• Significant RFI issues 

• PWM and it varies with load

• Which means you can be chasing your tail around looking for the RFI problem

• 90% efficiency 

• Which increases your electrical system load by an additional 10%!

• Can run your battery down to the point it won’t start your car
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RADIO 101

• Battery Boosters

• There is no free lunch with using a booster 

• The lower the battery voltage the more current the booster will draw from the battery

• Plus the additional 10%  loss in the booster

• 100 W load plus the loss of the booster is now 110 watt load

• Ohms law always wins

• 110 W 

• @ 12.5 VDC is 8.8 A

• @ 11.5 VDC is 9.56 A

• @ 10.5 VDC is 10.47 A



RADIO 101

• Battery Boosters

• From the MFJ Manual

• Noise Reduction

• Although every effort was made to reduce switching noise RF noise is a possibility. 
To reduce noise to a minimum ground the case of the MFJ-4418 to the automotive 
chassis with as short of a wire or grounding braid as possible. Clamp on ferrite 
beads can be used on the input and out power leads to further reduce noise. 1 or 2 
turns through the bead will help.

• Clamp on ferrite “beads” only start working above 450 MHz

• You need big ones to get down to below VHF
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• Battery Boosters

• RFI Testing VHF 146.520
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• Battery Boosters

• RFI Testing UHF 446.100
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• Battery Boosters Radio Testing

• How much TX power do you lose from 13.5 VDC to 12.5 VDC to 11.5 VDC??

• Let’s look at a Motorola XTL 2500 P25 UHF 40 W radio

• Test Setup

• HP8920A Communications Test Set Calibrated by Amtronix in 2019

• Astron RS-35M 25 A power supply
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• Battery Boosters Radio Testing

• Motorola XTL 2500 P25 UHF Test Frequency 446.100

• 11.500 VDC 39.9W 8.9A 102.9 W

• 12.500 VDC 42.6W 8.3A 103.7 W

• 13.508 VDC 44.1W 7.9A 106.7 W

• 14.299 VDC 44.2W 7.6A 108.7 W (max voltage out of the Aston)



RADIO 101

• Battery Boosters Radio Testing Power output in dBm

• 11.500 VDC 39.9W 46.01 dBm

• 12.500 VDC 42.6W 46.29 dBm

• 13.508 VDC 44.1W 46.44 dBm

• 14.299 VDC 44.2W 46.45 dBm (max voltage out of the Aston)

• From 11.500 VDC to 14.299 VDC there is 0.44 dBm output power difference.

• That’s effectively Zero. 



RADIO 101

• Battery Boosters Radio Testing

• How much TX power do you lose from 13.5 VDC to 12.5 VDC to 11.5 VDC??

• Let’s look at a Motorola XTL 2500 P25 VHF 50 W radio

• Test Setup

• HP8920A Communications Test Set Calibrated by Amtronix in 2019

• Astron RS-35M 25 A power supply



RADIO 101

• Battery Boosters Radio Testing

• Motorola XTL 2500 P25 VHF 50W Test Frequency 146.520

• 11.500 VDC 44.5W 8.0A 92.0 W

• 12.500 VDC 52.1W 8.4A 105.0 W

• 13.508 VDC 52.1W 7.8A 105.3 W

• 14.299 VDC 52.1W 7.8A 105.3 W (max voltage out of the Aston)



RADIO 101

• Battery Boosters Radio Testing Power output in dBm

• Motorola XTL 2500 P25 VHF 50 W Test Frequency 146.520

• 11.500 VDC 44.5W 46.48 dBm

• 12.500 VDC 52.6W 47.17 dBm

• 13.508 VDC 52.6W 47.17 dBm

• 14.299 VDC 52.6W 47.17 dBm (max voltage out of the Aston)

• From 11.500 VDC to 14.299 VDC there is 0.69 dBm output power difference.

• That’s effectively Zero. 





RADIO 101

• Understanding Vehicle Loads

• On the 2001 Ford Excursion with 4 radios, DF System, 5G LTE modem, DMR Repeater and 
upwards of 5 computers the technical load is 29.8 Amps.

• The Whelen light bar is 40 Amps with the rear “hide-a-away” strobes its 50 Amps

• The AC running wide open with both front and rear blowers is 30 amps

• Headlights and sundry loads (SLI) is about 40 amp.

• Total 149.8 amps
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• Vehicle Loads

• Total 149.8 amps

• Stock alternator 130 Amp

• At idle its 65 Amp

• That didn’t work

• We had National Quick Start build a 250 Amp alternator with external rectifier pack

• We had them put a smaller pully on it to get us 150 Amp at idle

• We are right on the ragged edge



BATTERY 101

AMPS
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• Vehicle Loads

• If we had to do it all over again we would add a second alternator & battery for just the 
“technical loads”
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• Problem Diagnostics

• Alternator “whine” on TX audio

• Bad battery

• Bad Alternator 

• Bad wiring

• Dead Battery

• Parasitic loads (or left the radio on)

• Bad Battery

• Bad or undersized alternator not capable of keeping up with all of the loads



RADIO 101

• Problem Diagnostics

• RFI

• Battery booster

• Ground the booster to the frame of the vehicle with a very short strap.

• Ferrite cores on both input and output as close to the booster as possible 



RADIO 101

• Problem Diagnostics

• RFI

• Ground straps on hood and trunk (hinges are notoriously bad ground paths)

• Ground Straps on exhaust system at both ends



QUESTIONS?



THANK YOU!

• Mike Pappas

• W9CN

• W9CN@ARRL.NET


