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Don Daso, K4ZA, and  
Ward Silver, NØAX
For many Field Day operations, short towers 
or masts are used to support Yagis or wire 
antennas. While easy to transport and as-
semble, towers can be tough to raise and 
lower safely in temporary installations. 
Masts — push-up or multi-section — have 
their own challenges. For either support, it’s 
easy to compromise safety when you’re in a 
hurry to get on the air.

The Risk of “Temporary”
Whenever we start thinking in “temporary” 
terms, compromises and other challenges in-
evitably creep in. Questions or considerations 
that would be logically and cautiously ad-
dressed for a permanent installation can 
easily be overlooked or not thoroughly con-
sidered in the field. Problem solving some-
times takes a back seat to the immediate 
challenge of getting an antenna up high, in 
the clear and on the air. 

The watchword of the day when dealing with 
any type of tower or mast is, of course, safety. 
There have been far too many instances 
where someone thought that a part or proce-
dure “wasn’t really necessary,” or that time 
could be “saved” by only installing one set of 
leg bolts, or that the tower was so short it did 
not need proper guying, or that tent stakes 
could be used as earth anchors and so on. 

Always pay attention to where you’re install-
ing any antenna. Be particularly concerned 
with any power or utility lines nearby, let 
alone overhead. Because this is a temporary 
location, you may not know where the lines 
are, especially in sites with a lot of trees. Be 
mindful — should the worst thing happen 
and the tower fall — of the area surrounding 
the tower or the potential footprint of the en-
tire setup. Do not set up a station or any 
other facility within that footprint!

Towers
Let’s get back to that temporary installation 
mindset. For instance, can 40 feet (four sec-
tions) of Rohn 25 tower be “walked up” 
safely? Will it stay up at the Field Day site 
all weekend if guyed with ropes? A simple 
“yes” is not enough — there are always cir-
cumstances to consider in every case. Failing 
to assess and respond to those circumstances 
creates the potential for injury and damage. 
As always, there’s no free lunch when dis-

Field Day Towers — Doing It Right
Guidelines and examples for tower and mast safety on Field Day.

Figure 1 — Substantial force is needed to lift a tower off the ground using nearly horizontal 
pull rope. The same force is pushing the base of the tower horizontally, requiring the base to be 
securely held in place. [W1UJ, photo]

658 lb

Lift Rope

Lift Rope

Balance Point

16°
7 feet

25 feet

685 lb

1
tan 16.26°

192 × = 192 × 3.428 = 658 lb

Weight
192 lb

Four tower sections @40 lb each = 160 pounds
Antenna and mast = 40 pounds
Resulting weight at lift point = 192 pounds

QS1306-Silver01

685 lb

Figure 2 — The 2014 
World Radiosport 
Team Championship 
stations will all use 
this simple and 
effective “falling 
derrick” method to 
erect 40 foot towers 
for more than fifty 
portable stations! 
[Mark Pride, K1RX, 
photo]

cussing, planning and executing antenna and 
tower installations.

Yes, it is possible for a tower to be walked 
up by lifting and pulling, but the base must 
be secured adequately or it will slip along 
the ground, dumping the weight abruptly 
onto the lifting team. Of course, walking  
the tower up with a beam, mast and rotator 

already installed makes the task even harder. 

Figure 1 illustrates the problem of walking 
up a tower consisting of four 40-pound sec-
tions of Rohn 25 topped with a 40-pound 
beam/mast/rotator. The total weight is  
200 pounds balanced 25 feet from the base. 
Assuming your crew can lift the load to  
7 feet, a horizontal pulling force of 658 
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pounds is required to lift the tower at its bal-
ance point and 685 pounds is compressing 
the tower. The same 658 pounds of force is 
pushing horizontally against whatever is 
holding the base to the ground. What do you 
think will happen if the base is not secured 
well enough?  

Remember and account for this multiplica-
tion of force when walking up a ladder or 
other light-duty support as well. It must be 
adequately rated for the load during raising, 

Figure 3 — A close-up of the hinged base and derrick attachment method for the 2014 
World Radiosport Team Championship station towers. [Jason Corriveau, W1UJ, photo]

Front Guy
Stake

Rear Guy
Stake

Front Guy
Stake

Rear Guy
Stake

QS1306-Silver04

Figure 4 — By using side-guys, a multi-section mast can be walked up.

as well as holding the dead weight afterward.

What if the crew walks toward the base to 
raise the tower further and reduce the pulling 
force? That will place the balance point be-
hind them, causing the tower to pivot around 
the crew lift point and raising the base off 
the ground. This is not a good combination 
and many a tower lifting operation has sud-
denly gone awry at that very moment.

The secret to tilting any tower into position 
is having a hinged base plate that is securely 

held in place. Without a hinged base, the lift 
will be risky. Make certain the base is secure 
by driving stakes through the base plate or 
by having something heavy holding it in 
place, like a vehicle. Avoid the temptation to 
rely on a shallow hole as a seat for the base, 
or the dangerous practice of having someone 
stand on the base to hold it down. If the base 
begins to slip, you’ll have a lot of unwieldy 
tower and aluminum that is dangerously out 
of control.

Over the years, hams with metalworking ex-
perience have fashioned some clever solu-
tions to this problem. Figures 2 and 3 show 
the design worked up for the more than 50 
2014 World Radiosport Team Championship 
stations (www.wrtc2014.org). This imple-
mentation of the “falling derrick” erection 
system is elegant and simple. By lifting from 
a point high above the base of the tower, you 
avoid the high forces that are encountered 
from lifting at a small angle. The same 
method works to lower towers safely, too.

Rick Karlquist, N6RK, has presented a de-
tailed set of photos showing how to con-
struct and use the falling derrick. You’ll find 
it at www.n6rk.com/falling_derrick_gme/
falling_derrick_gme.html. Rick also gives 
a great piece of advice: lift the tower a foot 
or two and check everything before 
proceeding.

Masts
For wire antennas and very light beams, 
using a mast is often a good choice. Multi-
section aluminum masts such as the  
AB-155/U and MS-44 surplus packages are 
widely available and the telescopic TV an-
tenna push-up masts are making a come-
back, too. Heights of 20 through 50 feet are 
available. (Telescoping fiberglass masts are 
not strong enough to hold anything except 
wires and very light antennas.) Homemade 
masts constructed from 10 foot or longer 
sections of pipe or tubing are also common 
and can be walked up (carefully). All types 
of masts present challenges; don’t overload 
them. 

A mast’s flexibility makes the side guys es-
pecially important since they will keep it 
from bending sideways under load. Masts 
require extra care during installation to be 
sure they are kept straight. Once a curve de-
velops, a collapse can occur very quickly. 
Surplus “rocket launcher” AB-577 masts 
(www.ontariosurplus.com/ab577.htm) are 
much sturdier and can support a triband HF 
Yagi if erected properly.

Steel push-up masts are heavy, especially 
when raising the final sections that are carry-
ing the full weight of the extended mast. A 
slipping section can seriously injure fingers 
and hands. Push-up masts can be walked up, 
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but only with the lightest of antennas at-
tached (the top section is likely to bend if 
loaded and out of vertical alignment).

Guying
Use a four-way arrangement with the guys 
separated by 90 degrees instead of the  
120 degrees typical of permanent installa-
tions. When lifting a tower or mast, use a 
four-way system with one set of guys 
aligned with or performing the lift while the 
two side guy sets steady the tower and 
stiffen a mast.

The four-way system has the advantage of 
allowing side guys (perpendicular to the lift) 
to be strung to their final length while still on 
the ground. This stabilizes the tower (or 
mast) to prevent tipping away from the plane 
of the lift. When the lift is finished, there will 
be three set of guys in place and by quickly 
attaching the front guys, the tower will be 
stabilized. Secure and adjust the guys for 
vertical plumb and you’re all done.

A tower can be guyed with ropes, provided 
the load it carries is limited, no serious winds 
come up and no one climbs the tower. If you 
use rope, choose at least 3⁄8-inch diameter 
material without a lot of stretch such as 
Kevlar or Dacron. Do not use nylon or ma-
nila rope. Follow the manufacturer’s recom-
mendations and instructions for guying 
masts; it is often a more involved process 
than for the stiffer towers.

Guy Anchors
Make certain the guy anchors are strong 
enough to do their job. Use heavy pipes 
driven deep into the soil or screw-in earth 
anchors. For any temporary tower setup, the 
earth anchors will be the weakest link in the 
chain. Do not use brush or saplings as an-
chors. Only mature trees are safe enough to 
use as guy anchors and even then only attach 
guys near the base of the trunk. Vehicles? 
Forget about it!

Managing the Process
As with permanent installations, the secret to 
success is to have someone in charge with 
not only enough experience to make the 
proper decisions, but the ability to manage 
and prioritize the actual construction itself. 
Invariably, this person will not be able to be 
everywhere and do everything, so the prover-
bial “tailgate meeting” is mandatory. That’s 
where the various jobs, and the process of 
getting them done safely, are discussed.

Finally, don’t let yourself or others be talked 
into doing something you know isn’t safe. 
Putting up an antenna is not a race and it’s 
not a contest to show one’s bravado. When 
something starts looking “iffy,” or isn’t 
going according to plan, stop. Return to the 
last safe configuration if at all possible. Take 
time out to determine what went wrong and 
correct the situation before resuming. Make 
sure all crew members feel comfortable ask-
ing questions and don’t be shy about asking 
for help.

More Reading
Every situation is different, so inform your-
self and your team about tools and tech-
niques. Read the tower and antenna safety 
section in The ARRL Handbook, the more 
complete chapter in The ARRL Antenna 
Book, or K4ZA’s Antenna Towers for Radio 
Amateurs and K7LXC’s Up The Tower. 
Don’t put anyone at risk by doing the job 
without the proper equipment or skills. 
You’ll find that a job done safely and prop-
erly usually takes less time in the long run, 
avoids accidents and equipment damage, 
and gets you on the air reliably.

Thanks to Hank, KR7X, for the engineering 
review.

Ward Silver, NØAX, is the lead editor of The 
ARRL Handbook and The ARRL Antenna Book. 
He is the author of all three ARRL License 
Manuals and the Q&A Study Guides along with 
writing the monthly QST columns “Hands-On 
Radio” and “Contest Corral.” The ham radio 
detective mystery, Ray Tracy: Zone of Iniquity 
is his most recent book. Outside of ham radio, 
Ward plays the mandolin, dabbles in digital 
photography, and enjoys camping and canoeing. 
You can contact Ward at 712 Jefferson St, Saint 
Charles, MO 63301-2740; n0ax@arrl.net.
Don Daso, K4ZA, is a tower installation expert 
who operates a business doing installations for 
amateur clients. He has been a licensed ham 
since 1963 and is the author of an ARRL book 
on tower installations titled Antenna Towers for 
Radio Amateurs. You can contact Don at 515 
Withershinn Dr, Charlotte, NC 28262-0477; 
k4za@juno.com.
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Technical

by Mark Spencer, WA8SME

A Look at Gasoline Powered 
Inverter Generators

Portable power for your ARRL Field Day station

Product Review

Mark J. Wilson, K1RO, k1ro@arrl.org

Bottom Line
Inverter generators have advan-

tages over normal ac generators, but 
have some disadvantages as well. 
With additional filtering, they can be 
made “radio friendly.”

Reviewed by Bob Allison, WB1GCM
ARRL Test Engineer
wb1gcm@arrl.org

The fall of 2011 was a difficult time for  
New England residents who experienced the 
effects of Tropical Storm Irene and a surpris-
ingly heavy late October snowfall spaced a 
month apart. Both storms caused widespread 
power outages and those with backup genera-
tors maintained some comforts of normal life.

My generator is an inexpensive 1000 W ac 
generator powered by a two stroke 63 cc 
engine. It’s enough to start our oil burner for 
heat and hot water, plus some lights and the 
TV. It’s not enough to run the refrigerator 
effectively. 

Generators I grew up with all ran at one speed 
— 3600 rpm (to produce 60 Hz) — and were 
noisy. Today there is a lot of interest in a type 
of generator that is technically advanced, 
more fuel efficient, lighter weight and quieter 
— the inverter generator. Inverter generators 
produce high voltage, multiphase ac that is 
rectified to dc — similar to an automobile 
alternator. This dc power is then converted 
back to very clean and consistent ac power by 
a solid state power inverter. A microprocessor 
controls the process as well as the speed of 
the engine. Unlike older constant speed 
generators, inverter generators can run at idle, 
providing power to small devices. If demand 
for more power appears at the generator’s 
outlet, engine speed increases. This feature is 
intended to improve fuel economy and can be 
switched on or off. (The various manufactur-
ers have different names for this feature, but 
the concept is the same and I’ll refer to it as 
ECONOMY mode throughout the review.)

For this review we chose four widely avail-
able inverter generators in the 2000 W class 
— the Champion 73536i, Generac iX2000, 
Honda EU2000i and Yamaha EF2000iS.  
All of the units were available locally from 
power equipment dealers, outdoor stores, 
industrial suppliers or box stores in the $600 
to $1000 range. Prices shown in the tables 
are what we paid but will vary depending on 
dealer. Other inverter generator models are 
available with lower or higher power ratings.

Generators in this class provide enough 
power for a light duty, backup power source 
at home or to run a power tool on the job. 
But how well do they work in a radio envi-
ronment? All four appear to be attractive 
candidates for ARRL Field Day or emer-
gency operation and so we conducted a 
variety of tests to determine how “radio 
friendly” each of these generators is.

The Tests
Load Test: Each generator was connected to 
a load consisting of two strings of incandes-
cent light bulbs adjustable from 0 to 2500 W 
in 50 W steps. We measured the generator 
output voltage, frequency and sound level as 
the load increased up to the maximum rated 
output. In each case, the sound level was 
measured with a calibrated instrument at a 
distance of 9 meters from the muffler side of 
the generator. Sound levels will vary depend-
ing on location.

Power per Gallon Test: Each generator was 
run out of fuel, refueled with precisely one 
cup of gasoline, then restarted and placed on 
a 1000 W load until it again ran dry. Running 
time was noted and used to calculate kilowatt 
hours per gallon of gas (kWh/G).

Waveform Test: The Lab’s Tektronix TDS-
3052B storage oscilloscope captured the  
ac waveform during no-load and full-load 
conditions. Waveforms for each generator  
are available online.1

No-Load to Full-Load Test: Using the 
oscilloscope at a slow sweep speed, measure-
ments were made at the point at which a full 
load was applied to the generator from a no 
load condition. This tough test shows how 

quickly a generator responds to a drastic load 
change with ECONOMY mode on or off. 
Oscilloscope plots from this test are available 
online (see Note 1).

Conducted Emission Test: Conducted emis-
sion can have a major impact on Field Day or 
emergency operation as wideband RF noise 
is injected into the power wiring that then 
acts as an antenna. For our tests, we used a 
100 foot extension cord. Each generator  
was swept for conducted emission using a 
Rohde & Schwarz LISN (Line Impedance 
Stabilization Network) and a Rohde & 
Schwarz EFH3 handheld spectrum analyzer.2

Radiated Emission Test: Each generator was 
placed on a cart and rolled around near a 
40/20 meter dipole (15 feet high) to check for 
radiated emission from the electronics or 
ignition system. A nearby battery powered 
transceiver attached to the dipole (our simu-
lated Field Day setup) listened for changes in 
noise level or ignition noise while I tuned up 
and down each band. The transceiver was also 
used for listening to conducted emissions with 
an extension cord plugged into a generator.

Circular Saw Test: Chances are you will 
need a generator to power a tool. I tried to 
run a 15 A maximum circular saw with each 
generator. 

Safety
Before operating a power generator, carefully 
read the operator’s manual and safety precau-
tions. All four generator manuals recommend 
grounding the generator and determining local 
grounding codes. If you have any questions 
about wiring or grounding a power generator, 
ask a licensed electrician.

I recommend using an in-line ground fault 
circuit interrupter (GFCI) outlet with each 
generator. They are available online or in 
most hardware stores or home centers. If you 
plan to use a generator during power outages 
at home, have an electrician install a transfer 
switch to isolate the generator from the 
power lines. 

1Additional ARRL Lab test results are available 
online at www.arrl.org/qst-in-depth.

2See April 2009 QST, page 48 for an explanation 
of conducted emission level limits.
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higher speed, ready for a sudden increase in 
demand for power.

Annoyingly for me, a lefty, all of the genera-
tors are designed to be started by a right-
handed person. Fortunately, the recoil starter 
handle was very easy to pull on all but one of 
them.

Although the generators are similar in speci-
fications, features and appearance, we found 
many differences in performance. 

Champion 73536i
This bright yellow and black 1700 W (2000 W
surge) inverter generator reminds me of a road 
hazard sign. In the box I was pleased to find 
the manual, a container of motor oil, funnel, 
spark plug wrench and battery charging cable.

For description sake, let’s pretend this gen-
erator is an automobile, with the exhaust pipe 
at the back. The Champion has the controls 
clustered around the pull cord, 
on two panels on the right side. 
Three LEDs — a yellow OIL 

WARNING light, red OVERLOAD 
light (lights at 1800 W thresh-
old) and the green OUTPUT light 
— are at the top left. To the 
right of the LEDs are the 
ECONOMY and engine on/off 
switches. Below the LEDs are 
the choke knob and fuel shutoff 
valve. On the bottom panel, the 
top row has the ac outlets and a 
socket for the optional parallel 
operation cable. The bottom 
row features outlets used during 
parallel operation, the battery 
charging outlet, dc circuit 
breaker and a ground terminal.

On top are a vented gas cap and 
carrying handle. Large vents at 

Four Generators with  
a Lot in Common
All four generators weigh less than 50 
pounds (dry) and have a durable, brightly 
colored plastic shell that holds up well when 
bumped or scraped. All are fairly close in 
size, about as big as a 1980s boom box, with 
comfortable handles to move them about. 
You shouldn’t have much trouble loading 
any of them into your vehicle and transport-
ing them to a portable operating location.

All have single cylinder, four stroke engines 
and require slightly less than 1⁄2 quart of oil in 
the crank case. Each has a low oil level 
shut-off feature, a good thing for those who 
forget to add oil before starting for the first 
time or who are lax on maintenance. Each 
has a slightly recessed exhaust pipe, reducing 
the risk of painful burn blisters.

Each generator produces a clean, stable  
60 Hz ac waveform, suitable for running 
radio gear, computers or other sensitive 
electronics. Each has two 120 V, 20 A ac 
outlets. All have a 12 V dc battery charging 
outlet, though it is for the charging of a small 
automotive or lawn tractor sized battery only. 
The 12 V dc output waveform is full of 
transients and is unregulated — don’t try 
running any 12 V device from this outlet! 

All but the Generac have the ability to run 
two identical units in parallel with an 
optional cable to essentially double the 
power capability without sacrificing portabil-
ity. There is no provision for using two 
generators to create 240 V ac. 

To improve fuel economy and reduce noise 
when the generator is lightly loaded, each 
has an ECONOMY switch. With ECONOMY 

switched on, the generator runs at an idle 
speed with up to 300 W or so output. With 
ECONOMY off, the engine runs at a much 

Champion 73536i, s/n 11MAY1801016

Engine: four stroke, single cylinder, 80 cc.
Fuel capacity: 1 gallon.
AC output: 120 V at 60 Hz.
Power output: 1700 W, 2000 W surge.
DC output: 8 A at 12 V dc (battery charger).
Weight: 49.2 pounds (dry).
Size (HWD): 16.3 × 19.3 × 13.3 inches.
Price: $599

Lab Testing: Load Test, Eco On
Load 	 Output	 Frequency	 Sound Level* 
(W)	 (V ac)	 (Hz)	 (dBa)

      0	 124.5	 59.9	 61.0 
  100	 124.5	 59.9	 61.0 
  250	 124.2	 59.9	 62.0 
  500	 123.6	 59.9	 63.5 
1000	 121.5	 59.9	 69.0 
1500	 119.9	 59.9	 72.2 
1700	 119.8	 59.9	 73.5 
Eco off	 No load		  66.2
Fuel efficiency: 4.333 kWh/G
*See text.

Figure 1 — Conducted emissions from the inverter generators.

the front and back ends provide cooling. The 
left side engine access panel is secured with 
four screws without retaining clips so be 
careful if you remove them. The exhaust has 
a spark arrestor.

Unlike the other three generators, round 
pillars dominate each corner of the plastic 
shell. They are designed to fit a matching 
generator so the two units can be stacked 
vertically and run in parallel. This is a smart 
idea that takes up less surface area and 
presents less of a trip hazard from the cabling.

The manual is well written and has a wiring 
diagram, but what impressed me most was 
the exploded parts diagram complete with a 
parts list. The mechanically inclined can 
repair this generator at home. The Champion 
meets California clean air standards and gets 
3 out of 10 on the green scale (0 is the 
cleanest). 
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mode, the engine speed was 
slow to pick up as the load 
gradually increased. Each time a 
light bulb was turned on in the 
string, the motor speed hunted 
around a bit before settling 
down. This was by far the 
noisiest generator of the lot, with 
or without a load. During testing, 
it vibrated to the point where the 
engine access panel screw 
unscrewed itself. The Generac 
ran at its specified peak load of 
2200 W for 10 seconds before 
shutting off both the ac and the 
engine. I tried but could not get 
the OVERLOAD LED to light 
before shutdown. The Generac 
had the lowest voltage variation 
between no-load and full-load 
conditions, only 1.1 V.

During the no-load to full-load 
test the Generac responded 
poorly with ECONOMY mode on 
or off. There was a noticeable 
delay before the generator got 
up to full voltage output. With 
ECONOMY mode switched on, 
there was a total dropout of 
power for a brief moment. 

Some good news: the conducted 
emission (Figure 1) was lower 
than the Champion or Yamaha 
but was still quite noticeable in 
the receiver. Radiated emission 
was stronger and the generator 
had to be moved 50 feet away 
from the test antenna for the 
ignition noise to subside. 

Even with its larger displace-
ment engine, fuel economy was 
just a bit better than the smaller 
80 cc Champion engine, provid-
ing 4.390 kWh/G. The Generac 
iX2000 passed the circular saw 

test, but the saw was slow to come up to 
speed. You may get impatient with this 
generator if you have a lot of wood to cut. 

Manufacturer: Generac Power Systems, 
S45 W29290 Hwy 59, Waukesha, WI 53187; 
tel 888-436-3722; www.generac.com.

Honda EU2000i
This red 1600 W (2000 W maximum) 
inverter generator carries the highest list  
price of the four, although we got ours from 
longtime QST advertiser Mayberry Enter-
prises for $899 including shipping. The 
Honda arrived with only a manual and no 
other accessories.

The right side of the generator has the pull 

Generac iX2000i, s/n 6463450C

Engine: four stroke, single cylinder, 127 cc.
Fuel capacity: 1 gallon.
AC output: 120 V at 60 Hz.
Power output: 2000 W, 2200 W surge.
DC output: 5 A at 12 V dc (battery charger).
Weight: 49.6 pounds (dry).
Size (HWD): 18 × 22 × 12 inches.
Price: $589

Lab Testing: Load Test, Eco On
Load 	 Output	 Frequency	 Sound Level* 
(W)	 (V ac)	 (Hz)	 (dBa)

    0	 121.5	 60	 72.4 
  100	 121.3	 60	 72.1 
  250	 121.1	 60	 69.0 
  500	 121.3	 60	 71.6 
1000	 121.2	 60	 73.4 
1500	 120.8	 60	 74.1 
2000	 120.4	 60	 74.1 
Eco off	 No load	 60	 73.4
Fuel efficiency: 4.390 kWh/G
*See text.

Testing
After the usual oiling, fueling and choking, 
the Champion came to life on the first pull. 
The pull was smooth and easy. I let this 
generator and the others run about 15 min-
utes before testing.

Voltage varied a reasonable 4.7 V from 
no-load to full-load. Response from no-load 
to full-load was fast with the ECONOMY 
switch off and took 1.5 seconds to come up 
to full voltage with the ECONOMY switch on 
(more on this type of response later). With a 
2000 W load, the generator provided power 
for one minute before the ac switched off. 
The motor still runs in this condition and has 
to be shut off to reset the circuit breaker. 

As shown in Figure 1, conducted emission 
was quite high with RF radiated from the 
extension cord causing high noise levels 
across most of the HF bands. Ignition noise 
was eliminated by moving the generator  
30 feet away from the antenna. The fuel 
economy test produced 4.333 kWh/G, the 
lowest of the four generators. Unfortunately, 
the Champion 73536i failed to run a circular 
saw, with the OVERLOAD light lighting and 
the ac shutting down in both ECONOMY 
modes. 

Manufacturer: Champion Power Equipment, 
10006 Santa Fe Springs Rd, Santa Fe 
Springs, CA 90670; tel 877-338-0999;  
www.championpowerequipment.com.

Generac iX2000
This orange 2000 W (2200 W surge) in-
verter generator has the largest displacement 
engine at 127 cc and can provide more 
power than the rest. It came with an orange 
funnel for adding oil, a bottle of motor oil,  
a two wrench set and a battery charging 
cable.

The right side of the generator has the pull 
cord, fuel valve and choke control. The front 
end contains the control panel. At the top are 
a yellow LOW OIL LEVEL light, a red OVERLOAD 
light and a green READY light. Below the 
LEDs is the dc battery charger socket with 
circuit breaker. To the right are two ac  
outlets and at the bottom, the engine on/off 
switch and ground lug. The engine access 
panel is released by loosening only one 
screw, which has a retaining clip. At the top is 
a vented fuel cap that also has a little priming 
pump. The front and back are well vented. 
There was no spark arrestor at the end of the 
exhaust pipe. 

The manual didn’t indicate that this model 
Generac meets California emission stan-
dards. I checked the website and found this 
model to be compliant in 49 states. The 
manual is adequate but does not provide  

a wiring diagram as found in the other 
manuals.

Testing
Before I could start this unit, I had to clip off 
a needle-like projection on the choke control. 
It appeared to be an injection molding flaw 
with the plastic. Bandaged up and aggravated 
by my injury, I failed to carefully read the 
manual. After nearly pulling my arm off, I 
discovered that the engine must be primed by 
a pump built into the gas vent on the gas cap. 
Once primed, it started on the third pull. 
Each pull was not smooth and unlike the 
other generators, I could feel some compres-
sion from the piston moving in the cylinder. 

The load test was interesting. In the ECONOMY 
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Testing
The Honda EU2000i started on the first pull.  
I found the voltage to be a bit high, 127 V ac 
output with a 100 W load. The voltage varied 
4.6 V from no-load to full-load. With the 
highest loads, the Honda was quiet with very 
little visual vibration. The no-load to full- 
load response was the best of the four. I ran 
the Honda with a 2000 W load for its rated  
30 minutes with not one hint of overheating or 
straining.

While the Honda has levels of conducted 
emission as high as the other three on  
160 meters, the levels drop off quickly, mak-
ing this the least offending inverter genera- 
tor in this department. See Figure 1. Though 
some noise can be heard, a receiver is usable 
with this generator attached to an extension 
cord. Ignition noise was fairly low as well.

The 98.5 cc engine provided 
4.480 kWh/G, number two in 
the fuel economy department. 
The Honda powered a circular 
saw flawlessly in both ECONOMY 
modes.

Manufacturer: American Honda 
Power Equipment Division, 
4900 Marconi Dr, Alpharetta, 
GA 30005; tel 770-497-6400; 
powerequipment.honda.com.

Yamaha EF2000iS
This royal blue 1600 W (2000 W 
maximum) inverter generator 
included a manual, spark plug 
wrench and battery charging 
cable. 

On the right side is the control 
panel, arcing around the pull 
cord handle. At the top of the 
panel are a red OIL WARNING 
light, a green AC pilot light and a 
red OVERLOAD indicator. While 
testing, I found the OVERLOAD 
indicator illuminated at the  
1850 W threshold. Lower on  
the control panel are a black 
ECONOMY mode switch and a 
red engine on/off switch. About 
halfway down are the fuel 
shutoff valve and a choke control 
that must be pulled out when 
starting the engine. Below the 
choke are terminals for running 
two generators in parallel and 
two ac outlets. At the bottom of 
the control panel are the dc 
receptacle, dc circuit breaker and 
ground terminal. 

At the top are a carrying handle 
and a vented fuel tank cap. The 
Yamaha is the only generator of 

cord, fuel valve and choke lever. Engine 
access is on this side as well, the cover 
secured by one screw with a clip. Indicators 
and outlets are at the front. Top row: 
ECONOMY mode switch, parallel operation 
outlets and ac outlets. Bottom row: a red OIL 

ALERT light, a red OVERLOAD light (lights at 
2200 W threshold) and a green OUTPUT light. 
The OUTPUT LED also acts as a simplified 
run-time hour meter. It blinks once after  
100 hours of operation, twice for 200 hours 
and so on. The front and back have large 
vents for cooling and there is a spark arrestor 
on the exhaust. This particular model does 
not meet California emission standards, 
though Honda offers a similar model avail-
able for sale in California. The manual is 
very good and includes everything needed to 
know to run and maintain the unit.

Honda EU2000i, s/n EAAJ-2263469

Engine: four stroke, single cylinder, 98.5 cc.
Fuel capacity: 0.95 gallons.
AC output: 120 V at 60 Hz.
Power output: 1600 W, 2000 W maximum.
DC output: 8 A at 12 V dc (battery charger).
Weight: 45.6 pounds (dry).
Size (HWD): 16.7 × 20.2 × 11.4 inches.
Price: $899

Lab Testing: Load Test, Eco On
Load 	 Output	 Frequency	 Sound Level* 
(W)	 (V ac)	 (Hz)	 (dBa)

    0	 127.2	 59.9	 61.6 
  100	 127.0	 59.9	 61.6 
  250	 126.4	 59.9	 62.0 
  500	 125.7	 59.9	 63.3 
1000	 124.4	 59.9	 66.5 
1500	 123.0	 59.9	 70.0 
1600	 122.7	 59.9	 71.0 
Eco off	 No load		  67.4
Fuel efficiency: 4.480 kWh/G
*See text.

the four with a fuel gauge, although I noticed 
the generator ran a long time while the gauge 
read E. The front and rear sides have large 
vents for cooling. The exhaust pipe has a 
spark arrestor. The left side of the unit has two 
screws (no retaining clips) that secure the 
engine access panel.

The manual is clearly written with ample 
illustrations and instructions for servicing  
the generator. A wiring diagram is included. 
This generator meets California air pollution 
standards and rates 3 out of 10 on the green 
scale.

Testing
After filling the EF2000iS with oil and fuel,  
I pulled out the choke rod and gave it one 
easy, slow pull. It started! After a few sec-
onds, I pushed the choke rod in and the 
Yamaha settled down into a soft purr with 
ECONOMY switched on.

The Yamaha overall was the quietest at low 
rpm. No vibrations of the case were noticed, 
even at full load. The output varied 5 V ac 
from no-load to full-load — reasonable, but 
the most output change of the four generators. 
The no-load to full-load testing showed a very 
slow but steady response with ECONOMY mode 
on, but a very quick recovery with ECONOMY 
mode off. I placed the Yamaha on a 2000 W 
load. In 20 seconds, the overload circuitry 
kicked in and shut off the ac and the engine. 

Figure 1 shows the conducted emission of the 
Yamaha is very high all the way up through 
the 20 meter band. We placed the generator 
100 feet away from the operating table with 
the extension cord running perpendicular to 
the test dipole antenna, which was an addi-
tional 30 feet away. On the battery powered 
transceiver, an S9 level of noise peaks with 
slightly lower levels of hash were heard across 
40 meters and S8 across 20 meters — all with 
the generator in the ECONOMY mode, at idle. 
Increasing the demand increased the noise 
level. Clearly, there is a need for filtering at the 
ac outlet (more on that later).

With the extension cord unplugged and the 
Yamaha running with the ECONOMY mode off, 
the radiated emission was found to be mostly 
from the ignition system. With the generator 
parked directly under the antenna (15 feet up), 
a few S units of ignition noise from the spark 
plug was observed. Turning on the receiver’s 
noise blanker removed all of it; moving the 
generator 30 feet away (off the broad side) also 
reduced the ignition noise to nothing. 

The Yamaha EF2000iS won the fuel economy 
test by a significant margin, creating 5.37 
kWh/G. I suspect this is due to the generator’s 
small 79 cc displacement. The engine ramps up 
quickly in the no-load to full-load test, so for 
power tools I would leave ECONOMY mode on. 

Mark
Typewritten Text
Copyright © 2013 American Radio Relay League, Inc. - All Rights Reserved



QST – Devoted Entirely to Amateur Radio     www.arrl.org     June 2012    53

respond, the increased load 
disappeared. Keying slowly, I 
could make all but the Generac 
make the sound of a grunt or 
laugh. Also, the line voltage 
would momentarily dip while 
keying; the Generac responded 
poorly to this test by speeding up 
and slowing down in an erratic 
manner. Though no chirp was 
detected in my test receiver, I did 
this test with only one transmit-
ter. I suspect some transmitters 
may wobble in frequency or 
chirp with a momentary voltage 
dip. I would recommend leaving 
ECONOMY mode off so that the 
engine runs at a higher speed, 
ready for a momentary increase 
in load while transmitting.

An option is to use the generator to operate 
one or more battery chargers and run all 
transceivers from battery power. That way it 
is possible to take advantage of the ECONOMY 
mode, provided that the generator output is 
filtered, which leads me to the next topic.

Conducted Emissions
The biggest finding of this review is the high 

Figure 2 — Conducted emissions from the Yamaha EF2000iS inverter generator 
with no filtering (blue line), a commercial Corcom filter (green line) and a filter built 
in the ARRL Lab (purple line).

Manufacturer: Yamaha Motor Corp, 
6555 Katella Ave, Cypress, CA 90630; tel 
800-962-7926; www.yamaha-motor.com.

Conclusions and Observations
A radio amateur’s requirements for portable 
power are different from those of the average 
user. A homeowner’s generator, acting as a 
backup power supply, usually works with 
fairly static loads. Power demand usually 
stays at one level for a while. On the other 
hand, a generator used for powering an SSB, 
AM or CW station is faced with a dynamic 
load, one that changes rapidly with modula-
tion or on/off keying. How do these genera-
tors respond to dynamic loads? 

I set up a 200 W transmitter and 300 W of 
incandescent lighting. With ECONOMY mode 
on, 300 W is just below the threshold of 
increased engine rpm. As I keyed the trans-
mitter, each generator would try to respond to 
the increased load by momentarily trying to 
raise its rpm. Before the engine speed could 

conducted emission levels of these inverter 
generators. My little 1000 W conventional ac 
generator has very low conducted emission 
levels, but the output waveform has a har-
monic in it and is not nearly as clean as the 
inverter output. As with inverters used to 
generate ac from batteries, inverter genera-
tors are power generating devices and don’t 
plug into a wall outlet, so they are not held to 
FCC Part 15 conducted emission level limits.

There are two ways to attack this problem 
— buy a commercially made filter or build 
one. Figure 2 shows the Yamaha’s conducted 
emission with no filter, with a commercially 
made filter made from Corcom (www.cor.
com), and with a homemade filter whipped 
up by the ARRL Lab’s RFI expert, Mike 
Gruber, W1MG. Most of the conducted 
emissions are common mode, though some 
is also differential mode. The amount of each 
mode may vary with different model inverter 
generator. Mike believes with some experi-
mentation, patience and some 2.4 inch 
diameter type 31 toroids (www.fair-rite.
com), the owner of an inverter generator can 
greatly reduce the conducted emission level. 
More information is available online at www.
arrl.org/products-and-other-information 
(click on AC Line Filters).

Click to see 
an overview of 
four portable 
generators

Yamaha EF2000iS, s/n 7DK 1516423

Engine: four stroke, single cylinder, 79 cc.
Fuel capacity: 1.11 gallons.
AC output: 120 V at 60 Hz.
Power output: 1600 W, 2000 W maximum.
DC output: 8 A at 12 V dc (battery charger).
Weight: 44 pounds (dry).
Size (HWD): 17.9 × 13.3 × 11.0 inches.
Price: $990

Lab Testing: Load Test, Eco On
Load 	 Output	 Frequency	 Sound Level* 
(W)	 (V ac)	 (Hz)	 (dBa)

    0	 124.6	 60	 59.9 
  100	 124.3	 60	 60.0 
  250	 122.7	 60	 60.0 
  500	 123.0	 60	 62.4 
1000	 121.5	 60	 66.8 
1500	 120.1	 60	 71.0 
1600	 119.6	 60	 71.0 
Eco off	 No load		  67.4
Fuel efficiency: 5.347 kWh/G
*See text.
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APPENDIX 1 - Remote HF Station Resources Reference List
2014 ARRL Handbook
Airaya Wireless Bridges http://www.airaya.com/products/p2m.asp 

Array Solution TwoPak Switches http://www.arraysolutions.com/Products/dualfeed.htm#top%20of%20page

ASUS Eee PC Netbook Computers http://usa.asus.com/Eee

Audio Latency Testing - N6RK http://www.k6vva.com/N6RK_blockdiagrams.pdf 

Cisco Routers http://www.cisco.com/en/US/products/ps9923/index.html

CommCat Mobile Remote Control http://commcat.com

DIN Relay Switch http://www.digital-loggers.com/din.html 

Elecraft K3 Twin Remote http://www.elecraft.com/K3-Remote/k3_remote.htm

Eltima Serial & USB to Ethernet Adaptors http://www.eltima.com/products/vspdxp

Ethernet Controlled Relays http://www.controlanything.com/Relay/Relay/ETHERNET_RELAY_CONTROLLERS 

Flex Radio Systems http://flexradio.com

Ham Radio Deluxe Software http://www.ham-radio-deluxe.com

Hy-Gain Rotators http://www.hy-gain.com/Categories.php?sec=168

Kenwood TS-480SAT & TS-480HX http://www.kenwoodusa.com/Communications/Amateur_Radio/HF_Base_Mobile/TS-480HX-480SAT 

Linkysys Routers w/QoS http://www.linksys.com

MOXA Ethernet Serial Device Servers http://www.moxa.com/product/NPort_5100A.htm

N4PY Remote Control Software http://www.n4py.com

N8LP Remote Control Devices http://www.telepostinc.com/n8lp.html

NetGear Routers http://www.netgear.com/home/products/wirelessrouters

NetGear Switches http://www.netgear.com/home/products/switches-and-access-points

Panel Designer Software http://www.frontpanelexpress.com/en/news/home.html 

Peet Bros. WX Station http://www.peetbros.com/shop 

Pentametric Battery/Solar/Wind Power Monitor http://www.bogartengineering.com/products/PentaMetric

Pignology & Ehterpig (Remote Control (W.I.P.) http://pignology.net  -and-  http://etherpig.net

PSTRotatorAZ - Remote Rotor Control Software http://www.qsl.net/yo3dmu/index_Page346.htm

Remoterig by SM2O http://www.remoterig.com 

Remote Operating Mailing List http://mailman.qth.net/mailman/listinfo/remoteoperating
Rotor-EZ by Idiom Press http://www.idiompress.com/rotor-ez.html

RSHUT PRO Software http://www.rtsecurity.com/products/rshut

RTE/FXD Remote Control Device http://www.glentekcorp.com/

Solar System Calculations Article http://www.k6vva.com/radioguidesolararticle.pdf 

Top Ten Devices DX DOUBLER http://www.qth.com/topten/DXD.HTM 

TR4W Contest Logging Software http://www.tr4w.com 

TrendNET Webcams http://www.trendnet.com/products 

TRX Manager Software http://www.trx-manager.com

Ubiquiti Networks NanoBridge M5 http://www.ubnt.com/download#doc:NanoBridge:M

Web Power Switch http://www.digital-loggers.com/lpc.html 

Wind Turbines (SouthWest WindPower) http://www.windenergy.com

WKUSB Keyer http://www.k1el.com

http://www.airaya.com/products/p2m.asp
http://www.arraysolutions.com/Products/dualfeed.htm
http://usa.asus.com/Eee
http://www.k6vva.com/N6RK_blockdiagrams.pdf
http://www.cisco.com/en/US/products/ps9923/index.html
http://www.digital-loggers.com/din.html
http://www.elecraft.com/K3-Remote/k3_remote.htm
http://www.eltima.com/products/vspdxp
http://www.controlanything.com/Relay/Relay/ETHERNET_RELAY_CONTROLLERS
http://flexradio.com/
http://www.ham-radio-deluxe.com/
http://www.hy-gain.com/Categories.php?sec=168
http://www.kenwoodusa.com/Communications/Amateur_Radio/HF_Base_Mobile/TS-480HX-480SAT
http://www.linksys.com/
http://www.moxa.com/product/NPort_5100A.htm
http://www.n4py.com/
http://www.telepostinc.com/n8lp.html
http://www.netgear.com/home/products/switches-and-access-points
http://www.frontpanelexpress.com/en/news/home.html
http://www.peetbros.com/shop
http://www.bogartengineering.com/products/PentaMetric
http://www.remoterig.com/
http://mailman.qth.net/mailman/listinfo/remoteoperating
http://www.idiompress.com/rotor-ez.html
http://www.rtsecurity.com/products/rshut
http://www.glentekcorp.com/
http://www.k6vva.com/radioguidesolararticle.pdf
http://www.qth.com/topten/DXD.HTM
http://www.tr4w.com/
http://www.trendnet.com/products
http://www.trx-manager.com/
http://www.ubnt.com/download
http://www.digital-loggers.com/lpc.html
http://www.windenergy.com/
http://www.k1el.com/

