
Improved Toilet Plunger 24 March 2017 Page 1 of 28 

Improved Toilet Plunger 
by Jay Sinnett, owner, Syneco LLC 

201 Briton Way 
Greenville, SC 

Executive Summary 
Current toilet plungers on the market almost all have a roughly hemispherical cup shape.  
There is a market demand for more effective plungers, so over the last several years, many 
plungers have been introduced with a flange extending out from the cup.  However, actual 
performance measurements show that the flange adds very little to the clog-breaking power of the 
plunger, and many of them carry the disastrous risk of inverting and creating a very bad problem with trapped sewage 
inside. 
 
A majority of web sites with advice about how to use toilet plungers recommend using suction 
rather than pressure to bust the clog.  Experimental data obtained in this study confirms that 
suction is far preferable to pressure.  Suction is more sanitary and more effective.  Therefore, a 
new, improved design is presented here which uses a “skirt” instead of a flange – so the plunger 
acts more like a suction cup.  It is more effective than plain cups or flanged cups, and with its large “footprint” it is also 
“universal,” applicable to any toilet configuration old or new. 
 
Measurements show that when used in suction mode, this skirted design has 60% more clog-busting force than the 
nearest competitor.   
 
The proposed plunger is a single-piece design (exclusive of the handle, which is standard), and it can be made either in 
rubber or in flexible polyurethane.  It should require no new technology to manufacture.   The total quantity of material 
used is comparable to existing products, so the cost to manufacture is about the same as existing products while its 
benefits should command a premium price. 
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Improved Toilet Plunger 

Sell Sheet 
Standard cup-shaped toilet plungers have been sold for probably close to 100 years.  They do work, but not always very 
well.  They don’t seal very well to the complex curvature of a toilet bowl, limiting the force that can be applied to a clog; 
and they may not sufficiently cover the elongated drain opening on some modern low-flow toilets.  There is a market 
demand for more effective, universal plungers, evidenced by point of sale packaging and signage. 
 
Most online guidelines for using toilet plungers recommend emphasizing suction rather than pressure.  Suction tends to 
loosen a clog, whereas pressure runs the risk of compressing it and making the clog even worse if it doesn’t break 
through immediately.  Further, applying vigorous pressure makes it much more likely to splash filthy water out of the 
toilet bowl onto anything in the area.  And in extreme cases, pressure can even push sewage up through the siphon jet, 
up through the overflow tube, and into the reservoir tank – which should remain sanitary at all times. 
 
In the competitive search for more effectiveness, newer 
toilet plungers often have a flange extending from the 
cup.  This has the appearance of creating a better seal, 
but does it?  Are there other important factors to 
consider?  These flanged plungers have been 
implemented differently by different manufacturers.   
Many of them have the disastrous design flaw that the 
flange not only can be but actually prefers to be in the 
inverted position.  When this happens in use, the plunger captures a quantity of filthy water that cannot be drained out 
by any twisting or turning of the plunger; the user must don gloves and pull the flange out by hand.  Worse still, while 
doing that, the flange may “pop” out and spatter drops of contaminated water in all directions.  That said, it’s true that 
some manufacturers do make plungers with flanges that do not easily invert.  So is there any advantage to the flange?  
Yes, but only a little: when used in suction mode, the best flanged plunger I tested created 0.86PSI of suction, compared 
to the 0.74PSI created by the standard cup design , a gain of of 16%. 
 
The proposed new design uses a “skirt” instead of a 
flange, so it acts more like a suction cup.   This gives 
it excellent suction, 1.38 PSI (average of 5 tests), an 
improvement over the standard cup design of 86%, 
and an improvement over the flanged design of 60%.  
Not only does the proposed skirted design achieve a 
significant increase in clot-breaking force, but each 
pull of the plunger lasts significantly longer, giving 
more opportunity for the clot to break up. 
 
This skirted design with the bellows plunger does not invert. 
 
The Korky “Beehive”, the BrassCraft “Bellows Plunger”, and the G.T. Water Products “Master 
Plunger” have very tall aspect ratios, and are very likely to collapse to the side instead of 
compressing on-axis.  The low height-to-width ratio of the proposed skirted means that it can’t 
collapse to the side. 
 
As stated in the Executive Summary, the proposed plunger is a single-piece design, and it can be made either in rubber 
or in flexible polyurethane (the prototype was made in flexible thermoplastic polyurethane on a 3D printer).  It should 
require no new technology to manufacture.   The total quantity of material used is comparable to existing products, so 
the cost to manufacture is about the same as existing products while its benefits should command a premium price. 
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1.  Market Demand 
On 22 March, I surveyed seven stores in my immediate area to get a better idea of the quantity and types of plungers on 
the market, and where the demand lies.  An accompanying spreadsheet gives the details of this research.  But in 
summary, there are roughly 500,000 plungers on the shelves of stores in the United States at any given time.  So a 
minimum figure for annual sales might be 1,000,000. Another calculation is that at least 80% of the 125 million 
households in the US have at least one plunger, and they probably replace their plunger at least once every 20 years 
(not to mention plungers in office buildings, schools, factories, gas stations, restaurants, etc); according to this 
calculation, the sales volume would be 5 million per year.  For purposes of this discussion, we’ll use the 1 million figure. 
 
The market seems to be divided into three tiers: 

1. The cheapest possible plunger, accounting for almost 50% of shelf space 
2. Plungers that are advertised as both effective (“forceful”, “fast”) and universal 
3. Plungers sold with accompanying svelte storage cases, catering to a consumer focused on aesthetics above price 

or performance.

 
The market niche we are aiming at for the skirted plunger is the EFFECTIVE category, although the “Fancy” category is 
possible if an aesthetic case is added.  If 25% of the market is focused on effectiveness, then that gives us an annual 
volume of well over 250,000 units per year.  
 
There is a great deal of competition in this market, with several stores selling six or even seven different models or 
brands of plunger.  In effect, this means that there is no single company which dominates or “owns” the market.  Also, 
there is no particular brand loyalty (several stores have house brands), and thus there is an opportunity for a newcomer 
to enter the field fairly easily if the product is extremely advantageous. 
 
A further point on effectiveness:  the market seems to recognize that there must be something better, but they just 
haven’t found it yet.  It’s like everyone knew that heavier-than-air flight had to be possible, or that electricity could be 
used to make a good source of light – but it remained for inventors to come up with practical solutions. 
 
There’s even a complicated, multi-part air-pump plunger on the market, although it gets generally terrible reviews.  At 
$15, it’s in the “fancy” tier, not the effective utility space. 

Cheap Effective Fancy 

$18! 
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2.  How it Works 
As proven in “A note about Pressure vs Suction,” (p. 15) the use of suction instead of pressure is both more effective and 
more sanitary; the discussion here will focus exclusively on the use of plungers in suction mode. 
 
The shape of toilet bowls is complicated; there are different curvatures at almost every point.  As a result, no plunger 
can ever completely seal against the porcelain, as illustrated in this highly schematic conceptual drawing.

 
 
This failure to seal is the basic problem to be overcome in creating an effective plunger.  A couple of plungers on the 
market (the Korky “Beehive” and the G.T. Water Products “Master Plunger”) seem to be based on the theory that if you 
can’t get a good seal, then moving a larger volume of water will compensate – but that’s not completely true.  It’s 
pressure that moves the clog. 
 
So let’s look in more detail at how the seal works.  Taking a cross-section of the above picture, we see the plunger’s lip 
riding some distance above the porcelain.  It gets somewhat closer when the plunger is compressed. 
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To illustrate how important controlling the leak is, imagine two glasses sitting in front of you on 
the table.  One glass is filled with water, the other is filled with a thick milkshake.  Each glass has 
an average-size straw in it.  You must take both straws in your mouth at the same time and suck.  
Naturally, you will get much more water than milkshake in your mouth.  The glass with the water 
and a regular-sized straw represents the leakage paths around the plunger.  What you need to do 
is make the leak – the straw in the water –  much smaller. 
 
 
 
 

Many manufacturers have added flanges to their plungers.  In principle, it seems that they might create a better seal by 
fitting into the drain opening; in fact, the improvement is only minor and here’s why. 
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So how does the skirted plunger solve the problem?  Here’s how.  When the user applies suction, the force on the skirt 
moves it toward the porcelain instead of away. 

 
Now we have the big fat straw in the glass of water replaced by a coffee stirrer!  The force that the user applies is 
delivered to the clog, not to moving water through the leak. 
 
To present another image, it’s like giving the user significant leverage.  For the same effort on the part of the user, the 
force on the clog is multiplied. 

   
 
The larger “footprint” of the skirted plunger makes it “universal” for toilets with small, large, round, or elongated exit 
holes.  The highly flexible skirt allows it to seal even in challenging geometries. 
 
Miscellaneous notes: 
Some web sites give advice not to exert too much force on the clog because they claim there’s a risk of disturbing the 
wax seal where the toilet meets the plumbing.  This concern is bogus.  If the clog is in the toilet (almost always the case), 
not the house plumbing, then the wax seal is downstream of the clog and will not be affected by pressure or vacuum 
that’s contained inside the toilet. 
 
Besides the problem with bending to the side, another disadvantage of the Korky “Beehive” and the G.T. Water Products 
“Master Plunger” is that their great height means that they tend to stay at least partly full of air during use.  Air is 
compressible, which reduces the effective force that the user can apply by pushing or pulling on the plunger. 
 
And yet another disadvantage of the Beehive and Master Plunger is that they have relatively large chambers but 
relatively small openings.  If the user wants to clean the plunger after use, these designs are virtually impossible to clean 
and inspect. 
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3.  Design of the Skirted Plunger 
Here is a drawing of the first prototype with several important dimensions identified in millimeters.  In a manufactured 
version, the skirt might be even a little larger in diameter; it was limited here by the bed size of my 3D printer.  There 
have been a few refinements to the design since this one. 
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This sketch shows the basic structure, before the stiffening ribs on top and the screw threads have been added. 
 
Note that the design incorporates relatively thin membranes stiffened at the “corners” by thicker cross-sectional “rings,” 
somewhat in the manner of vacuum-cleaner hoses.  The rings prevent the bellows from collapsing under extreme 
suction. 
 
The material used for this prototype is NinjaFlex SemiFlex, which is specified to have a Shore Durometer of 98A.  It 
seems to be a good choice.  If the walls of the bellows were made thicker (for easier manufacture) then the Durometer 
should be decreased proportionally to maintain a reasonable compression force. 
  

Drawing will be provided under an NDA 
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4.  Experimental Apparatus 

4.A.  Plungers Tested 

 
 
From left to right, the plungers were assigned numbers 1 – 6 (the little yellow plunger on the far right is not a toilet 
plunger; it will be discussed later). 

Brand Model Comments UPC Picture with flange 
extended and inverted 

1. Homemade 
skirted 

 Skirt, no flange  

 
2. Harvey’s Standard Red Plunger, 

Part # 090330 
No flange  

 
3. Liquid Plumr Heavy Duty Toilet 

Plunger 
Flange that can invert 070982016924 

  
4. Liquid Plumr Toilet Plunger Flange that resists 

inversion 
070982016917 

  
5. Casabella Bath Plunger & Base Flange that is semi-

resistant to inversion 
028484448682 

  
6. Korky Beehive Max #99-4A Semi-bellows, tapering 

to a sort of flange 
049057104057 
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4.B.  Toilet and Plumbing Setup  
The experimental toilet is an American Standard Cadet 3.   

 
It was mounted on a plywood platform supported by 2X4’s, sealed to the plywood with a small quantity of wax.  There 
was a ¼” OD flexible plastic pipe installed in the center of the “exit pipe” location, leading to the pressure sensor (to be 
discussed later).  There was no open pathway from the “exit pipe” of the toilet to the air (or to any other plumbing 
besides the sensor hose), thus the toilet had in effect a permanent and immovable clog. 

  
The trapway was carefully filled with water; this involved tilting it up and filling it with a garden hose inserted into the 
trapway. 
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This toilet, like most modern toilets has a “siphon jet” - an opening at the location of the arrow where water from the 
tank is directly introduced into the trapway, facilitating the formation of the siphon action that empties the bowl.  Thus 
there is a hidden pathway from the location of the arrowhead (in the drawing above) up to the opening at the top rear 
of the toilet where the cistern tank sits.  This is in addition to the channels from the tank that direct water to the holes 
around the rim. 
 
Some toilets do not have siphon jets, so in order to gauge the influence of the siphon jet on this toilet relative to plunger 
performance, I ran some experiments with the bowl-washing holes blocked off with duct tape and the opening to the 
tank blocked off with duct tape and a paint can lid. 

   
 
However, for the “authoritative” tests, I used the toilet with a simulated “overflow pipe” where the same would 
normally be located if a tank were installed, and with the rim holes open. 

   
 
The electronic parts are documented in Appendix 2. 
  



Improved Toilet Plunger 24 March 2017 Page 14 of 28 

5. Summary of Results 

5.A. Conditions Tested 
 Plywood, 

Suction 
Sealed 
Toilet, 
Suction 

Sealed 
Toilet, 

Pressure 

Vented Toilet, 
Suction 

Vented Toilet, 
Pressure 

P1 – skirted X X X X (5 repeats) X (5 repeats) 

P2 – plain X X X X (2 repeats)  

P3 – Liquid Plumr “HD” 
flanged 

 X X X (2 repeats) X (5 repeats) 

P4 – Liquid Plumr plain 
flanged 

 X X X (5 repeats  

P5 – Casabella flanged  X X X (2 repeats)  

P6 – Korky Beehive  X X X (2 repeats) X (5 repeats) 

Of course, the flanged plungers would not work on plywood.  In the vented toilet suction condition, and in the vented 
toilet pressure condition I used 5 repeats to verify and get a little better statistical certainty for the specific plungers that 
worked best in these conditions. 
 

5.B. Results 
First, it’s very clear, as would be expected, that the performance of the skirted plunger in a theoretically best-case 
scenario of suction on a flat, varnished plywood surface greatly exceeds the performance in a toilet.  Second, the 
performance of the skirted plunger in a toilet without a siphon jet is significantly better than the case where the toilet 
has a siphon jet bypassing much of the available suction.  Nevertheless, in every case, the performance of the skirted 
plunger is better than the best competitor no matter what the condition.  Movies showing key test conditions 
accompany this document. 
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5.C.  A note about pressure vs suction 
A majority of web sites I investigated with instructions about how to use toilet plungers recommend using them in 
suction mode.  That is, compress the plunger slowly, and then pull vigorously.  My experiments show that there are 
several good reasons for this, assuming that the clog doesn’t clear on the first try. 
 
1) Applying pressure to a clog (particularly when there is loose toilet paper floating around) will have a tendency to 
compress the clog, build its size, and make it even harder to dislodge.  On the other hand, suction will tend to break up 
the clog. 
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2) When the plunger pushes vigorously against an immovable clog, the water trapped in the plunger has to go 
somewhere.  It will squirt out vigorously, follow the curvature of the bowl, encounter the rim, and splash everywhere.  
This is documented in movies accompanying this paper, and a comparison of pressure vs suction is shown in these 
freeze frames.  In suction mode, the water is surprisingly well-behaved; there is a wave, but virtually no splashing at all. 

  
 
3) In pressure mode, if the plunger has enough volume and enough force, it can push sewage backwards up through the 
overflow pipe, contaminating the tank reservoir (which should be clean).  This happened with the Korky Beehive. 
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6.  Detailed Experimental Data 

  
In Toilet, Suction (Vented) 

 
In Toilet, Pressure (Vented) 

Ref 
No 

Condition 
Peak 

Suction, 
mV 

Peak 
Suction, 

PSI 
Duration, 

msec 

Condition 
Peak 

Pressure, 
mV 

Peak 
Pressure, 

PSI 
Duration, 

msec 

p1 Best possible 413 1.56 498 Best possible 316 1.20 400.00 

p1 Avg of 5 364.51 1.382 444.7 Avg of 5 292.0 1.11 406.40 

p2 Best possible 194 0.74 400         

p3 Best possible 176 0.67 360 Avg of 5 259.2 0.98 364.80 

p4 Best possible 245 0.93 383         

p4 Avg of 5 227.18 0.86 357.9         

p5 Best possible 238 0.90 376         

p6 Avg of 5 136 0.52 312 Avg of 5 380.8 1.44 571.20 

         The most important data concern the tests in a toilet with the passages to the siphon  
  jet open, as they would be in normal use in most common toilets. 

   For these tests, the raw data have been imported into this workbook, and analyzed  
  numerically to avoid any experimenter bias arising from 

   the process of looking at the scope traces on-screen and picking out measurement  
  points.  To begin, in view of the random noise visible on the data, 

   I have applied a rolling 10-point "boxcar" average to smooth the data (the data are  
  well over-sampled, so no real information is lost). 

    Then standard Excel functions are used to extract the "offset" of the signal  
  before the action begins, the peak excursion, and the time duration 

   of the event. 
        

An Excel file accompanies this document with all of the raw data applicable to the above tests. 
 

7. Intellectual Property 
I did search for patents related to this concept, and I found none.  However, full disclosure requires me to point out that 
I did find one plunger which has a skirt; it is designed for kitchen and bathroom sinks and shower drains.  I found this 
only in November 2016, when I went out to purchase “reference” plungers for comparison.   This was after fully 
developing my toilet plunger during May – August 2016. 
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This plunger, called the “Mini Pro” is made in Taiwan for Waxman Consumer Group, Cleveland, OH.  The UPC code is 
028905750448.  I searched for patents filed by Waxman, and found nothing related to the skirt on the plunger. 
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APPENDIX 1:  Pressure sensor specifications 
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This is a schematic of the circuit that I built for the sensor: 
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The output signal for the scope is taken from pin 4.  Most of the data were taken with the “VS” pin of the chip connected 
to scope “ground” because the at-rest signal (no vacuum) is close to VS.  The “wall wart” power supply coming in on the 
USB connector was floating, so true ground didn’t matter. 
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APPENDIX 2.  Electronics 

A.  Vacuum and Pressure Sensor 
The vacuum and pressure sensor is a Freescale NXP MPXV4115V 
(http://www.nxp.com/assets/documents/data/en/data-sheets/MPXV4115V.pdf)  This is a sensor designed for 
automotive applications, so it is fully temperature compensated and factory-calibrated.  The specifications and my 
circuit schematic are contained in the Appendix 1.  The sensor accuracy is specified to be within 1.5% of full scale; 
repeatability is 0.5% or better. 
 
Since the sensor is in fact differential, measuring the difference in the absolute pressures between Port 1 and Port 2, I 
epoxied a plumbing port to the “back” so that I could use the sensor to measure either pressure or vacuum depending 
on how the plumbing was connected. 

  

 
I built the circuit board with a 3D-printed “manifold” attached so that I could connect the hose from the toilet to either 
the “pressure” or the “vacuum” side of the sensor. 

http://www.nxp.com/assets/documents/data/en/data-sheets/MPXV4115V.pdf
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Here is what the setup looked like with a hose from the toilet connected to the vacuum port, and the scope connected. 

 
The hose from the toilet to the sensor was kept mostly full of air.  I never used either pressure or suction on the toilet 
without having the hose “capped” by being installed in one of the pressure ports.  The total volume of the hose, (about 
1/8” ID X 80” long = 1 in^3), is very small relative to the volume of water being moved by the plungers under test (about 
54 in^3) – so the air volume inside the hose did not significantly affect the performance of the plungers, and also the 
pressure realized at the base of the toilet was transmitted faithfully to the sensor at nearly the speed of sound (i.e. 
effectively instantaneously relative to the phenomena being measured). 
 

B.  Oscilloscope 
The oscilloscope used was a Rigol DS1052E.  (https://www.rigolna.com/products/digital-oscilloscopes/1000/).  The 
particular scope I used does not have a current traceable calibration certificate, so I compared it to my Fluke 73 III 4.5-
digit multimeter measuring the voltage of a silver-oxide battery.  Using Excel, I averaged the voltage readings from the 
scope before and after connecting to the battery.  The net result was the scope said the battery voltage was 1.593; the 
Fluke said the battery voltage was 1.587, for a difference of only 0.36%.  Naturally, the crystal-controlled timebase of the 
scope is extremely repeatable.  So I conclude that the readings from the sensor plus scope are more than sufficiently 
accurate for the purpose of measuring and comparing the pressure and vacuum generated by the different plungers in a 
toilet. 

C. Data Reduction 
The scope has a USB port, and can store recorded data files on a thumb drive inserted in the port.  In my testing, the files 
contained over 16,000 usable data points each.  Although it’s possible to give each file a user-defined name, the user 
interface for this purpose is awkward; therefore I allowed the scope to give each file the default name, starting with 
NewFile1 and incrementing the file number with each new storage event.  In order to avoid the possibility of confusion, I 
retained these numbers as part of the file name even when processing the files and giving them names related to the 

Pressure Port 

Vacuum Port 

https://www.rigolna.com/products/digital-oscilloscopes/1000/
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test conditions.  I didn’t have a laptop available at the experiment station in my garage, so I kept records of test 
conditions and file names in a pen-and-ink notebook.  (The files from the scope do not have a valid date and time 
signature, so it was imperative to keep track of them carefully by other means.) 
 
The files are stored in a Tektronix / Rigol format called “.wfm” which is not recognized by Excel, so I used the program 
“WFMReaderV2.01.00” to translate the files into “.CSV” format.  Then I used Excel to import the data, and I ran an Excel 
macro to add in a timebase column to the raw data.  I also set up the files with formulas to remove the offset voltage 
going in to each event, smooth the data with a 10-point rolling “boxcar” average, and translate from voltage into PSI 
according to the MPXV4115 data sheet calibration factor. 
 
 

APPENDIX 3: Media submitted 
Improved Toilet PlungerV2.docx (this document) 
Multi-point explanation of new design advantages.docx 
Plunger Market Research.xlsx 
TestResultsSummary.xlsx 
 
Video: 
CaseForNewPlunger.mp4 
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APPENDIX 4: Intellectual Property Points 
When considering patent protection for the plunger, there are several points to consider: 
 
I. The Skirt 
 

A.  I believe the best design for the skirt will have it perfectly horizontal, just as in the prototype I made on my 
3D printer.  
 

An elastic band can be stretched without wrinkling, but compressing it makes it wrinkle.  We want to 
minimize wrinkling of the skirt.  If the skirt is perfectly horizontal, then it must stretch to accommodate 
an upward slope of the toilet bowl, and it also must stretch to block the flow of water through a concave 
section of the toilet bowl.  It can do this without wrinkling.  A permanent built-in upward or downward 
slope for the skirt would make it more likely to wrinkle in use. 

 
B.  I added small ribs on the top of the skirt.  
 

The ribs do not connect to the body of the plunger, nor do they project to the edge of the skirt.  They 
are intended to stiffen the middle distance of the skirt.  They are radial ribs because if the entire middle 
distance of the skirt were to be thickened for stiffness, it would make that annulus more resistant to the 
necessary stretching.  In other words, the ribs provide a non-isometric stiffness in only the radial 
direction. 

 
C.  The thickness of the skirt needs to be sufficient to prevent it buckling and folding under when suction is 
applied, but thin enough to flex easily.  The thickness of 1.2mm used in the prototype seems close to ideal for 
the material used (Shore Durometer 98A). 
 
D.  The diameter of the skirt needs to be sufficient for two purposes: 
 

1. To cover the elongated holes now prevalent on many low-volume toilets 
2. To make a good seal with the body of the toilet, even when the body is concave and some distance 

away from the nominal height of the body of the plunger.   
 
While the skirt is the central item for Intellectual Property, the rest of the design has some features of interest: 
 
II The Bellows 
 

A.  The use of a bellows rather than a hemispherical cup shape brings several benefits: 
 

1.  The bellows cannot invert, whereas cup-shaped plungers sometimes do invert. 
2.  For a given displacement of the handle, the bellows design moves a larger volume of water. 
3.  With the correct selection of wall thickness, the bellows can be easier to compress than the standard 

plunger, and the force required to push it through its travel is relatively constant instead of highly 
non-linear. 

 
B. The ideal number of exterior folds (or ribs) in the bellows between the bottom attachment to the skirt and 

the top attachment is probably 3 or maybe 4.  Too few would make the action stiffer because the radius of 
the inner and outer parts would have to stretch too much; too many would make the structure less stable 
and harder to manufacture. 

 
C. The ratio of the height of the bellows to the diameter of the bellows should be roughly 0.5, again to keep the 

structure stable when compressed (not veering off to the side like the Korky Beehive). 
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D. The interior and exterior corners of the bellows (as seen in cross section) should have thickenings right at the 
corner, making ribs like the ribs in vacuum cleaner hoses to stiffen the bellows and prevent it from collapsing. 

 
E. The bottom section of the bellows, where it meets the skirt, should be angled as shown in the drawings – 

going outward as you go up, away from the intersection.  This is so that when compressed, the dynamic force 
at the intersection of the bellows and the skirt is tending to push the skirt down, into contact with the toilet 
body. 

 
III The top 
 
A. On the top of the unit, I created six radial stiffening ribs.  These help to keep the top of the plunger relatively flat 
when it is compressed.  This prevents inversion and maximizes the 
 


