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Next Meeting:

Tuesday, Feb 21, 2023, 7:00pm The Garden City
Garden City Presbyterian Church

1841 Middlebelt Rd. .

Garden City, Ml 48135 Amateur Radio Club

PO Box 482 « Garden City, MI 48135-9998

AMATEUR RADIO TECHNICIAN LICENSE TRAINING

CES2-6366 I'LL TAKE A SINCERE-VREALLY, DEAR..
- TYPE HAM TO THOSE | CAN'T YOU AT
SQUARES ANY DAY! LEAST TRY
NOW, PLEASE, DON'T ) BEING LIKE
_\" T o\ JAM MY  OTHER GIRLS ?

Course Description %B» ~ "% WAVE

Explore all aspects of amateur radio including: FCC regulations, radio waves, basic electricity, basic
math, antennas, station operations practices, and station safety. Review all 435 questions from
which 35 are randomly drawn for the FCC Amateur Radio license test. Students are required to take

the test in person, on campus, during the last class meeting.

Course Schedule

§ Course . . ; Meeting ~ Fee/Senior =
Course  Section Title Meeting Information T Instructors i CEUs Status i
+ Winter; 2023
23/2023 LEC
M-09:00 PM, Room
& LA 300. 03/09/2023 - 04/13/2023 -
CES2- om . ) 02/16/23 - $119.00/
91 - C Thursda PM-092:00 PN = vl oen
5356 910061 Radio LEC Thursday 07:00 PM-09:00 PM 04/13/23 S. Deykes SA505.20 1.60 Ope

Training Room LA 300. 8 Wks
This class is live-streamed, Attend in-
person or via Zoom. No class 3/2.

Saturday Morning Breakfast:
Be sure to join us this Saturday at 9:00 at Eddy’s 31049 Ford Rd, in Garden City. If

you can’t be there in person, give us a call on the GCRA Repeater, 146.86 MHz, SPECIAL
-600 with a 100Hz PL. There’s always a radio or two on the table. SECRI_\IIJIgE R




Volume MMXXIIl, Number 2 2

Mat-Matics # 114
Henry 2K-Classic Valve Operation

— Prelude - Service Voltage Fluctuation & Range
-Mat Breton, N8TW

This is a prelude into a series of articles in a series on my studies into the behavior of my linear amplifier with respect to proper
operation of the Eimac 3-500Z power tubes. In this article we find out the amount of variation for my house line-voltage and deter-
mine the worst-case (low and high) values to use for Article 3 (Plate and Filament Voltage Measurements).

There are a couple reasons to make sure that the unregulated supplies do not become either too high or too low as your house line
voltage varies. For my Henry | need to pay attention to the following limits:

1. Plate Voltage: the concern is the maximum plate voltage that the HV (High Voltage) capacitors and diodes are rated for. In my
case (the Henry) the eight 450V series capacitors are rated for 3.6KV in the idealist of conditions, while the diodes are rated
for 15.0KV. The nominal plate voltage range is 3.0-3.2kV (3.1KV nominal £3.2%).

2. Filament Voltage: Tubes are rated for a set amount of filament voltage (not current). The acceptable range for the two genu-
ine Eimac 3-500Z tubes in my amp is 5.0Vrms + 5% (or 4.75Vrms to 5.25Vrms).

Of the two, the filament voltage holds the tighter requirement: there is +12.5% (0.4KV) of overhead on the plate voltage ... but only
a £5% range on the filament voltage.

Although the specs | give above are for the Eimac 3-500Z tubes, and the diagrams and descriptions below are for the Henry, the
concepts and general information should extend to move amateur radio tube-based linear amplifiers and tubes/manufacturers
(just redo the calculations as necessary for the specifications).

A side note on RMS Voltage (Vrms): When measuring a waveform that is not just pure DC (like a 60Hz
120V outlet), the most accurate voltage measurement will be “true Vrms”. RMS stands for Root Mean
Square, and takes into account the shape of the waveform, which is usually not purely sinusoidal. Other
measurements like Vp-p (peak-to-peak) or “simple” Vrms (not “true”) assume a sinusoidal waveform, and
will introduce varying amounts of error in your calculations. The important take is to ensure you use an
accurate “True Vrms” meter to measure.

There are two sets of voltages mentioned: Service-Entrance Voltage and Point-of-Use voltage. The Service-Entrance voltage is
measured at your load box (technically at the meter, but the load-box is close enough). Service voltage is (theoretically) regulated
by the electric utility company to be within specification. The Point-of-Use voltage (aka Utilization Voltage) is measured at the out-
let for your appliance (the 240V output Henry Amplifier in my case). There should be additional/greater variation at the Point-of-
Use, as there are more variables introduced there.

ANSI (American National Standards Institute) C84.1 specifies a maximum Service Voltage variation of +5.8% to -8.3% from nominal
(220-252Vrms), with -5% to +5% (228-252Vrms) being considered optimal. This does not count temporary line sags and surges of
short duration (typically < 10sec).

ANSI C84.1 also specifies an allowable “Utilization Voltage” (aka Point-of-Use) which allows for additional voltage drop through the

load panels, subpanels, and wiring (V = E * R). In this case the allowable “Utilization Voltage” would be +5.8% to -11.7% (212-
254Vrms). NEC article 210.19(A)(1), FPN No. 4 is a note that recommends (but does not require) that the total drop from Service-
Entrance to Point-of-Use is 5% or less, which would be slightly tighter than the ANSI C84.1 specification.
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Factoid: Nominal house voltage is 120Vrms (per phase), not 110/115/117Vrms as is it sometimes re-
ferred to. At various times in our history 110, 115, and 117Vrms have been the standard, but the current
standard is 120Vrms nominal (or target), or 240Vrms for split phase. For a pure sine wave, that works
out to 340Vp-p per phase (peak-to-peak voltage).

By now | think you may have spotted the same problem | did. If the Service-Entrance voltage is allowed to vary by more than +5%
(+5.8% to -8.3%), and the outlet (Point-of-Use) voltage can vary by even more than that (+5.8% to -11.7%), and there is some
amount of manufacturing tolerance in my linear amplifier’s transformer ... any worst-case analysis would show that a manufac-
turer can’t guarantee 5.0Vrms +5% of filament voltage to the Eimac tubes with an unregulated and non-adjustable supply ... at
least here in the USA. Therefore, | decided to find out what my Service-Entrance and Point-of-Use voltage fluctuations actually
are (and hope that the actual Point-of-Service line variation is less than the +5% tube allowance). After all, I’'m not trying to de-
sign a linear amp for thousands of people ... just to verify that one (mine) will operate within specs. Once | determine my line
average voltage range (min, max) | can determine if | can live with the stock unregulated filament voltage, or if | need to come up
with a different solution because of excessive line fluctuation.

The Henry Radio Company (as others) should have designed their filament supplies using such a worst-case analysis. This means
that they should have either used a regulated supply, provided multiple transformer taps to allow each owner to “tune” to their
nominal house voltage, or some other solution to ensure that the expensive tubes will be run within spec.

Side note: How does the electric service company maintain these rather tight voltage limits in the face

of all the varying loads they see from houses and businesses? Various distribution sites have automatic

transformer taps (autotransformers) that may automatically be adjusted (and with Smart Meters, the

computers know when a string of houses becomes out of range). The distribution transformers on the
poles also have taps that can be manually set for final adjustments.

Methodology:

Rather than re-inventing the wheel, | first researched the topic and found Tom Rauch’s (W8JI) filament web page, which appears
to be based on solid principles. As part of his work, he documented a methodology for measuring tube filament voltage
(including fluctuation) titled “Rules for Setting Filament Voltage” (http://www.w8ji.com/filament_voltage life.htm). The first
step is the purpose of this article: determine my service and point-of-use voltages.

Real-Life Service Voltage Measurements:

| took a series of measurements over various time periods (once-per-hour for a month, TO U ND E RSTAN D

once-per-2min for a day). | used Fluke 189 for measurements (a true-RMS, fairly high-

accuracy {£1.36Vrms worst-case error at 240Vrms} logging meter that could record aver- TH E ANT E N NA )

ONE MUST

age, min, and max voltages for a given time interval), and log the data for later retrieval.
This meter was “pre-checked”
against a NIST-traceable calibrated
meter for accuracy (< 0.1% error).
The Henry was not plugged in for
these measurements (so as not to
“double-count” its own drop during
later analysis). The graphical results
are shown on the next page, with
the red lines showing the max/min
allowed by the ANSI spec:

BECOME THE
ANTENNA'

“INE CAN FLY TO MARS, BUT WE CAN'T MAKE
AMETER LAMP THAT LASTS MORE THAN A WEEKI”
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Service Voltage: One Day (min,avg,max)
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We can see that over that one single day there is variation of less than +/-5V from the average. Variation during the summer was

more extreme, and the average voltage was also measurably lower (243Vrms vs. 247Vrms). Note that the there are several
“step” changes in the voltage, usually at the end of long trends either up or down. These are possibly the result of “Medium-
Voltage Mechanical Automatic Voltage Regulators”, used by the power companies to adjust the voltage up or down in small in-

crements to counteract trends on a sub-net.



Service Voltage: 26 Days (min,avg,max)
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Service Voltage: 30 Days (min,avg,max)
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minimum, maximum, and average during 60 min windows. | did this twice: once during Mar/Apr when loading should

| next measured the service voltage for about a month (as long as the batteries in my meter would last), taking the
these times all the major electrical loads in my house were cycled numerous times and should be accounted for in

be least (no commercial/residential A/C, etc), and once during Jun/Jul (when loading should be maximum). During

these real life recordings:
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Il measure those in the next article).
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Time (60 Minute Windows)

Data for 26 Days (Logging Interval of One Hour), Mar/Apr-2017

It is easy to see from the data that the service voltage at my residence on average (~245Vrms) runs higher than nomi-
nal (240Vrms), but generally within the power company’s specifications. Compared to the original 230Vrms standard

Note that there was one outage and this was immediately followed by the only significant overvoltage event (>
260Vrms). There was three short duration “brown outs” or low-voltage events, all occurring during rain/
thunderstorms. Note that | won’t typically be running my linear during storm activity.

the Henry 2K was designed for it is quite high. Barring any unexpected results
filament and plate voltages to also be higher than originally designed (we
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Conclusions:

For calculation of the maximum anode voltage (even spikes count for this), we find that 260Vrms is probably as high as we’ll see.
We want the maximum, as even a short duration above the high-voltage capacitor max could lead to a destructive short-circuit.
This figure excludes the one spike that occurred when power was restored after the outage.

For the filament voltage, if we exclude the obvious bad weather events from the measurements we can see that my service volt-
age operated between 232Vrms to 253Vrms. This is a span of -1.4% to +1.8%, or 3.2% total span. This is well below the +/-5% on
the Eimac filament voltage spec, and gives me some measure of hope that an easy solution can be achieved.
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Voltage (Vrms) Voltage (Vrms)

Histogram of Average Voltage: Mar/Apr-2017 (left), Jun/Jul-2017 (right)

For average voltage adjustment, | could request the utility company to adjust their service voltage. This would likely not be
granted unless the service voltage was actually out of range, and would affect others around me.

Some additional work that could be done is to do a seasonal series of measurements (over the course of a year), as there are
possibilities for changes based on the temperature and seasonal power use. This requires some amount long-term monitoring.

Summary: While the DTE Energy supply to my house runs higher than nominal in the winter, the total variation is fortunately still
less than the full +/-5% allowed (and needed for a “fixed” solution for filament voltage). The drop from service voltage to point-
of-use (the outlet for the linear amp) is minimal even under load. | will run future operating calculations with a nominal variation
of 242V +8V/-10V which will cover nearly all operating conditions. For a worst-case overvoltage/surge condition | will use the
260V figure.

Saturday, April 15, 2023
10:00 am - 12:00 noon
Garden City Presbyterian

Garden City

Bring a friend

¢ All are welcome

¢ You do NOT need an Amateur
Radio License to take this training.
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The Livonia Amateur Radio Club Cadillac Amateur
RN 53rd Annual A Radio
'LARC Swap-n-Shop And
\heow SATURDAY Computer Swap

Tewae®T Fabruary 18, 2023
Sale hours: 8:30am-1:30pm

ARRAL Zanationed Hamfest

BUY | SELL | TRADE Card Saturday, May 6, 2023
'Amégjr:,;ﬂ?é?fear NEW LOCATION! Crecke’ Doors Open at 8 AM .
- Electronics MONAGHAN BANQUET CENTER on site Admission $5.00 Meeting
Test Equipment 19801 FARMINGTON ROAD for
.Ham shack accessories E}o&gm"‘;'ﬂﬁ} Mackinaw Trail r\:‘liddle Sclhool The UP
and more = 8401 5. Mackinaw Trail
Cadillac, MI 49601 Net
«Door Prizes!

-DXCC Q5L CARD CHECKING

ADMISSION: STILL ONLY 55
(cash @ door)

Admiszion tickst pre-zales are available to vendora/ssllers with advance table purchazs, Talk |I1 on
vizit webzite for details. o& 0
Same-day tablse subjsct to availability aks 146.980 0,
et L "o,
Talk-in: KBUNS LARC Repeater e 7
145350 PL100Hz v K8CAD ey
ADVANGCE TABLE SALES, INFORMATION: Cadillac
https://liveniaarc.com/larc-annual-swap-and-shop/ Re peater

email: swap@livoniaarc.com
voice: (734) 648-6453

Table, Testing, and Map Information on back

Sunday Night Net:

We still need more people to help with the net.
Serving as a net control operator is a great way
to get more involved in the club and to get to
know more of our members. If you'd be willing
to help, please contact Mat N8TW or Don
KC8VCX for more details.

Join us on Sundays at 9:00pm, 146.86 MHz, -
600Hz offset, 100Hz PL tone

This is a purely social net, all licensed hams are
welcome to join in.

Upcoming Sunday Night Net

Control Operator Schedule:

Feb. 19 NSTW Upcoming ARRL Sanctioned
Feb. 26 WSROY

Mar. 5 KC8VCX Hamfests:

Mar. 12 N8TW 2/18/23 - Livonia Swap, Livonia, Ml

Mar 19 W8ROY 3/5/23 - Cave City Hamfest, Cave City, KY
Mar. 26 KC8VCX 3/11-23 - MOVARC Hamfest, Bidwell, OH

3/11/23 - Crossroads Hamfest, Kalamazoo, Ml
Can we add your name to the schedule? 3/19/23 - Toledo Mobile Radio Assn, Perrysburg, OH



