Building Your Own
Mini Dumbbell




I ntroduction

Thereis nothingparticularly ‘*hi-tech’ or complicatedaboutconstructinga mini-dumbbell. The difficulty
is notin designingandconstructinga dumbbell,it is in designingandconstructingonethathandleswell
and is a pleasure to ring.

Therearea numberof factorsto bejuggled. How largeandheavyto makethe wheel,whatweightto add
to the wheelto representhe non-existenbell, andwhereto putit, to namejust a few. Too little out-of-
balanceweightandthe dumbbellis likely to feel uncomfortablysluggish.Too muchandthe comfortable
ringing speed may be unacceptably fast.

The notesthatfollow describeone particulardesign.lt is intendedto be functional ratherthan beautiful

but doesaim to representooselya bell in atraditionalframe.The designis largeenoughto feel realistic,

yet smallenoughto requirelittle spaceandimposeminimal stresson the supportingstructure It usesan

MDF wheel,22%,"in diameter,1%4" thick andweighingapprox.12 Ib, with cutoutsin the upperquadrants
and6 Ib of steelweightsattachedo the lower half. The wheelis mountedon a headstockn a softwood

frameapprox.29" long and 17" wide, the overall heightbeing27". A ¥2" spindlethroughthe headstock
runs in self aligning ball bearings and a papier maché bell is fitted to the headstock.

| don't claim that the designis perfect,or anywherenearit, but | do believeit that it representsaa
practicablesolution,satisfyingto ring but smallenoughto be installedin the averagdoft without taking
up excessivespaceor imposingunacceptablstresse®n the structure.lt hasthe addedadvantagehatit
representsa worked out solution, minimising thinking and experimentingtime for the would be
constructorThetotal costof the materialsin thedumbbellis barely£100,and,dependingon materialsto
hand, could be significantly less. The approximate construction time is 30 hours.

Dimensionshave generally been given in both metric and Imperial units. Most dimensionsare not
critical. The alternativeshavesometimeseenchosenfor convenienceatherthanbeinghighly accurate
conversionsWork, therefore,to one systemor the other, not a mixture. (The discerningeye will soon
realisethat the designwas conceivedin Imperial units but influencedby the availability of materialsin
metric sizes.)

The overall size hasbeenchosenwith economy spacedimitations, usersatisfaction andsupportstresses
in mind. Scaling up might well producea nicer ringing machine but with greaterstresseson the
supportingstructureand lesseconomicaluse of materials,particularly sheetMDF. Conversely scaling
down significantly would be likely to produce a dumbbell too small and fussy for enjoyable ringing.

Apartfrom normalhandtools an electricdrill is almostessentiabnd,for the constructionof thewheel,a
jig sawis very useful.Evenbetterin the pursuitof atruly circulartrue-runningwheelwould be the useof
a bandsaw,though this is not essentialas a small amountof run out is unlikely to causeringing
difficulties.

Constructionhasbeenbrokendown into stagesas describedn the following pages.The descriptionis
not as fully comprehensive as | would like but it will, | trust, prove adequate.

Please Note:

The information in thisleaflet is given in good faith. However, it is up to the would-be constructor
to satisfy him or herself that he/sheis not carrying out tasks that he/she considers are either unsafe
or beyond their competence.
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The Frame
See Drawings FRAME and ENDBRACE.

Materials: Softwood 19mm x 33mm and 12mm x 33mm
Dowels, 6mm dia. x 33 mm

Suggested construction technique:-

E Sideframes (2 required)

1. Cutthe memberdor the two sideframes.For eachframe clampthe four piecesfirmly in position. (It
may be worthwhile makinga trapezoidatemplateof the centralapertureto ensurethe partsstayin the
correct alignment). At eachjoint in turn drill two holes through the horizontal memberinto the
diagonalandinsertglueddowels. Standardowelswill not belong enoughso punchthemdownor tap
a half-lengthdowel throughatfter the first. Beforethe glue hassettap all the joints tight. Measurethe
frame height at both endsand if necessanadjustby pressingthe high end down slightly until the
height is equal at both ends. Allow to set.

2. Cut the four end piecesto lengthand assembleo the side frameson a
flat surfacewith cornerclamps.At eachcornerdrill two holesthrough
the horizontalrails into the end piecesandinsertglueddowels.Tap all
joints tight, check for alignment and rigimigled joints and allow to set

3. Cutandfix thetwo additionalcrossmemberdo thebase 34" in from the g
end pieces. Top corner joint

Cut the piecesfor the two cruciform end braces(SeeDrawing ENDBRACE).
For eachendbracein turn, cut asshownandjoin the diagonalmemberswith a
gluedcrosshalf joint. Whenset,offer the diagonalbraceso the frameandtrim
to lengthto suit. Clampanddrill throughthe top rail andthe inner bottom rail
(directly below the top rail) into the ends of the braces and insert glued dowels.

Bottom corner
5. Cut andglue the longitudinal piecesinside the top membersf the sideframes.Note thatthesepieces
are only 12mm (¥2") thick. (Similar pieces can be fixed inside the top end members if desired).

6. The remainingcrossmemberdor the baseof the frame can be addednow. However,they are better
delayeduntil afterthe pulley block is completeandin position.The appropriatecrossmembercanthen
be placed exactly against the end of the block.

Note:

| favourthe useof dowels,not leastto minimisethe risk of splitting whenfixing into endgrain. If using
screws, suggestly2" or 194" x No.8, drilling a 2.5mmpilot holeinto the endgrain (anda 4.5mmholein
the outer piece), and applying PVA glue to the screw thread.
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Item Qty Dimensions

19mmx33.5mmx660mm (26")
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19mmx33.5mmx371mm (14.6")
19mmx33.5mmx737mm (29")

19mmx33.5mmx394mm (15%2")
12mmx33.5mmx622mm (24%2")

\%

(9vT)

251mm
(9.9

Rope should just touch
sole of pulley
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Cut two pieces to the dimensions shown
1 1 and glue and notch together.

Note that the X is not exactly symmetrical.
Fit to the frame with the longer limbs at
the bottom,

185mm ‘ A J i.e. much exaggerated:-

60° 60° \
60° 60°

N

; |

Dimension A to suit wood, e.g. 38mm for 33mm wood

Dimension B to be not less than 375mm (14%4") initially and then trimmed to suit frame during fitting
Slot depth to be half wood thickness

ENDBRACE
Approx. ¥4 Scale

Note:

Imperial dimensions may not be exact equivalents
Work in one system or the other

<

FRAME
Approx. Scale 1.5




The Headstock and Gudgeon Pin

12mm hole

64mm

approx. 136mm
(5%")

~38mm 362mm
(1" (14%")

HEADSTOCK AND GUDGEON PIN
Approx. ¥a SCALE

The headstock is made of softwood, approx. 64x38mm.
The gudgeonpin is a 440mmlengthof 12mmdia. or %2" dia. steelrod. (The bearingsmustsuit the pin
diameter!)

The favoureddesign,as shown, hasthe gudgeonrunning right throughthe headstock Achieving this
without specialistequipmentis not entirely straightforward!However,it canbe doneby clampingthe
stockin the vice anddrilling throughfrom eachendwith a seriesof drill bits of increasingdiameterand
length, startingwith 2mm dia. and culminatingwith a 13mmbit. (The slight oversizeof a 13mmbit will
compensatdor any slight misalignmentof the holeswherethey meetin the centreof the stock). The
tendencyof the drill to run in the end grain can be preventedby clampinga pieceof pre-drilled steel
angleto the end anddrilling throughthis. Keepingthe drill parallelwith the stock canbe achievedby
cardul observation(a secondpair of eyesis helpful). The useof a suitabledrilled spacingblock anda
long piece of steel angle, clamped to and extending from the stock as a guide bar, will help.

Slight misalignmentof the hole in the stockis not critical. It canbe compensatedbor whenthe stock is
glued to the whed by ensuring that the whed is true to the gudgeon rather than the stock.

Oncetheholeis clearall the way throughthe stock,dribble PVA glue (or silicon sealantopiouslyinto it
andinsertthe gudgeonpin, tappingit throughuntil it protrudesan equalamountat eachend. It should
requireno morethangentletapping.If it requiresconsiderabldorce the hole may not be straight,causing
the pin to take up a curve and preventingthe bearingsfrom running freely. [Seethe Mock Bell section
before drilling the hole for securing the bell].

If drilling right through the headstock seemstoo daunting thereisan alternative:

Shortenthe lengthof stocksothatit buttsup againstthe wheelinsteadof passinghroughit.

Drill the wheelto accommodatgust the gudgeonpin. Fastenthe gudgeonpin to the baseof

the stock,for exampleusingsuitablesaddleclips. For a betterjob securethe pin by saddles /

and machinescrewsto tappedholesin a steelplate andthen securethe whole plate to the

base of the headstock. @Z‘
Anotheroptionis to cut theheadstockalongthe intendedcentreline of the pin andusea

router to cut half-depth slots for the pin, screwing and glueing the parts together on as




The Whesl

Safety Note
There are safety concerns about the dust produced when working with MDF. Wearing a suitable
mask and using vacuum dust extraction with power tools are sensible precautions.

The whed comprises a core of two discs of 18mm MDF (or 3 discs of 12mm) and two outer discs of 4mm
MDF, al screwed and glued together. The whed, with the cutouts in the top two quadrants, weighs abou 12 1b.

Cut and assembléhe core first. Ideally the core discs shouldbe cut on a band saw, after glueing and
screwing,to ensurecircularity. However,acceptableesultscanbe achievedusinga jig saw.In this caseit
is betterto cut thediscsbeforeglueingas cutting 36mm MDF with a jig sawis slow work andit is not
easyto ensurethe bladeremainsvertical. A good old-fashionedspokeshavean be usedfor trueingthe
discs. Then cut and fix the outer discs to the core.

The slot for the headstockheedsto be carefully matchedo the actualcross-sectiomf the headstockand
alsoneedsto take accountof anyinaccuracyin the positionof the gudgeonpin in the stock.Drill a hole

(*2" or 12mmdia. to suit the pin) in the exactcentreof the wheel. Decideand mark which end of the
headstocks to fit in thewheel,offer up the stockandinsertthe gudgeorpin in thewheel.Mark carefully

round the end of the stock and cut theslot in the wheel. If the pin is exactly correctly alignedin the
headstoclandif the slotin the wheelcanbe cut accuratelymakethe slot atight fit aroundthe headstock.

If not (if for exampleusinga jigsawto cut theslot andthentrimming with a sharpchisel) makethe slot
fractionally oversize to allow a little ‘wobble’ about the correct alignment, correcting at the glueing stage.

Next, mark the two quadrantsn correctrelationto the headstockslot and cut
them out. This can be done successfullywith a jigsaw, first drilling a 10mm
. holeneareachcorner.Careis requiredto keepthejig sawbladeperpendicular
" tothework andmakea neatjob. It's bestto cut thespokeedgedirst, cuttingthe
two edgesin oppositedirections.When doing the other quadrantedges,start
from onesideandwork right across/roundAny errorsfrom the bladenot being
exactly vertical should then be symmetrical.

When the quadrantshave beercut out, glue the headstockinto the wheel.
Apply aliberal liberalguantityof PVA glueto theslotin thewheelandinsert
the headstockallowing it to protrudeapprox.10 to 11 mm throughthe far
side. Checkthat the wheelis at right anglesto the gudgeonpin. [The best
methodof doing this is to setup the stock and wheelin its bearingsin the
frameandadjustthe wheelon the stockuntil it runstrue. Very thin softwood
wedges may help to achieve this]. Allow to dry.

Add angle bracketsif desired.If using bracketsmadeto the designshown
(Drawing HEADSTOCK to WHEEL BRACKETS) make sure that the
bracketsare fixed level with the baseof the headstockto avoid the lower
fixing bolts fouling the gudgeonpin. Alternatively, use proprietarybracket,
for example B&Q 40x40x60mm perf. brackets, bar code No. 501084571

Angle bracket between

Bolting on the weightsanddrilling the garterhole may be left until the wheel stock and wheel

is in the frame.
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Quadrants
to be cut out
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Slot to be cut
for headstock
(See Note A)
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See Note B -
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Wheel made of MDF. |
Flanges: 4 or 6mm thick
Core:

36mm thick (2 layers of 18mm or 3 of 12mm)

9mm hole
See Note C

Note A: The dimensions and position of the rectangular slot must be such that
when the stock is glued and inserted in the stock:-
(1) The gudgeon pin is at the centre of the wheel
(2) The gudgeon pin is at right angles to the wheel
(3) The headstock is vertical with respect to the two cut out quadrants

Note B: The steel plate/s should total 36mm (~1%2") in thickness and be bolted right
through the wheel [See Drawing WEIGHTS].

Note C: The garter hole (and the pulley block, not shown) need to be on the correct

side of the wheel to suit the rope fall.

WHEEL
Approx. ¥4 Scale
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25mm (1)
approx. 45mm (1%")

25mm (1)
approx. 45mm (1%")

Mild steel plate approx. 200mm x 100mm x 12mm (4"x4"xY%2")
Weight approx. 0.91kg (2 Ib)
Three holes 8mm clearance (just)

Material: Mild Steel 1%:"x 1%" x %" angle (45mm x 45mm x 3mm)
Three plates per bell

HEADSTOCK to WHEEL BRACKETS WEIGHTS
Approx. ¥z Scale approx. ¥ Scale

Bearings

Use self aligning ball bearings,12mm or %2" accordingto the diameterof the gudgeonpin. Typically,
quality Englishbearings(e.g. RansomHoffman Pollard,ref NP 12 - RHP [12mm] or NP %2 RHP [¥2"])
costabout£40 a pair evenwith maximumdiscount. Cheaperput entirely adequatebearingsof Chinese
manufacturecan be boughtfrom, for example,Midland Bearings(www.MidlandBearings.com)Their
stock description, for bearing blocks to suit 2" rod, is:-

UCP201-8S FK Bearing Unit Small Casting Type NP 1/2"

The fixing holesin the bearinghousingsare large enoughto accommodatd 2mm bolts but holesin the
frameto accommodatéolts so large would be excessiveand possiblyweakening8mm bolts are more
than adequate but will need sleeving where they pass through the fixing holes in the bearing. housings

The bearingsshouldbe mountedwith the protrudingpart of the bearingitself facing m
inwards(to ensureadequatelearancebetweerthe bearinghousingandthe endof the |
headstock)with 12mmpackingwasherson the pin at eitherendof the headstockThe

bearings,being self-aligning, have a sphericalouter surfaceable to swivel within a
matchingsurfacein the housing.Checkthat the bearingsarefree to moveandensure
that they are correctly alignedwhen mountingthem on the frame. As a check,rotate
the wheel to the fully inverted position and releaseit. With the weights attachedit

should swing at least 70 times before coming to rest.

Bearing mounting



Weights

A designfor steelweightstotalling 6 Ib is shownon Drawing WEIGHTS. The fixing positionis shown
on Drawing WHEEL.

Alternativedesignsandmaterialsmay be used,accordingto whatit to hand.However,it is recommended
that the total weightis in the 6 to 10 Ib range.Adding weight below the headstockwill increasethe
naturalspeedof rotation. The effect canbe reducedby moving the weight nearerto the headstoclor by
adding weight above the stock.

Pulley Block

The designshownon Drawing PULLEY BLOCK AND PULLEY Designl usesa proprietary‘pulley’,
22" in diameterand1Y16" wide. Suchpulleysareactuallytoy tractorwheels with thetyresremovedand
may be obtainedfrom, for example HobbiesLtd., Units 8b-11,The RaveninghanCentre BecclesRoad,
Raveningham,Norwich NR14 6NU, (www.alwayshobbies.com)The overall diameter before tyre
removalis 100mm.Thepulleywill runadequatelyn %" dia steelaxlerod (obtainablerom HobbiesLtd)
but a betterarrangemenis to run it on 3 ," dia road and counterbordhe pulley to take ball bearingsto
suit [e.g. R3-2RS Ball Brg (KLNJ3/16-2RS)] from Midland Bearings.

Thelocationof the pulley shouldallow therope,whenvertical, just to touchthe groove.Whenthebell is
‘up’ at handstrokethe rope shouldfall slightly below the horizontalon its way from the wheelto the
pulley. The uppergrooveshouldbe below the sole of the wheelby about1%2" to 2" (for the wheelsize
described) or, in the general case, about 0.1 x the sole diameter of the Wi

The pulley block will needspacingaway from the bottom side rail of the
frame by the correctamountto ensurethat the pulley is in line with the
wheel. The exactthicknessof packingrequiredwill dependon the accuracy
with which theframehasbeenbuilt but shouldbe approximatelyl9mm(34"). 3 |
Small adjustmentscan be achievedby using suitable washersbetweenthe A ‘ vi -
headstockand the bearingsto move the stock slightly with respectto the - d
pulley block. ‘

An alternativedesign, using a wood or MDF pulley running on a plain pin, is shown on Drawing
PULLEY BLOCK AND PULLEY Design 2.
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Block:
12mm (¥2") softwood, screwed and glued

Relieve block end to clear

rope (and sally) at handstroke
Drill block to suit pin

T /b‘ . T

Ew
" =
Y6 dia. 35
for split pin

95mm
(3%4")

Steel pin; L
1/4" dia. if the pulley 1T
is to run direct on the pin, 8
3/16" dia. (polished to be

a light interference fit) if
using the ball bearings

recommended.
146mm O/A
(5%")
\
\
| — _
1 il c
[ N
PN il _y-E
A ==
/22mm R i | ! | €
718" I ‘e
8 3. ik Es
s ‘ v o o
' Relieve/block N
‘sides /| : B _
RE £
D ik | uE

A
(approx. 89mm)

Dimension ‘A" is not critical but ideally
should be such that the rope when hanging
freely just touches the pulley.

A =89mm (3%2") will suit a wheel core
diameter of 19%"

Pulley
(toy tractor wheel with tyre removed)
Overall dia. approx 2%2"
Sole dia. approx. 2"

Thickness approx. 1%

Pulley is supplied with a 1/4" clearance
hole but will need counterboring 1/2" dia.

x 3/16" deep if ball bearings are to be fitted
as recommended in the text.

Packing pieces (4mm MDF or similar)

Chamfer at
approx. 35;(

PULLEY BLOCK AND PULLEY Design 1
Approx. ¥z Scale
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Block:
Relieve block end to clear

12mm (*2") softwood, screwed and glued rope (and sally) at handstroke

| —Drill 8mm Dia.

\
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105mm
(3%")

93mm (3%")
1

146mm O/A

(5%")
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Drill to suit 8mm shaft

Pulley: Lightweight hardwood or
suitable alternative, e.g.

79mm (3%4") Dia: 2 layers of 18mm MDF glued together.

25mm (1") Rad.

36mm

PULLEY BLOCK AND PULLEY Design 2
Approx. ¥z Scale
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Mock Bell

A mock bell, thoughnot essentialdoesaddto the overall visual effect. However,acquiringor makinga
suitablebell, which shouldbe no taller than 8%" and no wider at the mouththan 10%4" in diametercan
present problemsdvised from 9" and 10%4", 27 Sept 05).

A weddingsuppliermight be ableto supplya suitableplasticbell but failing this, atthe mostbasiclevel a
suitably sizedplasticflower pot could suffice. At the otherend of the scalean elaboratemould could be
constructedo enablea mockbell to be madein grp. A reasonableompromisas to constructa bell out of
strips of newspapegluedwith PVA glue, laid up over a former. About 6 layersof paperwill be found
enough to produce a suitably rigid bell.

baseandlaying plasterof parisbandagd€obtainablefrom modelshopsor useragstrips
soakedn patchingplaster)overthe templatego form the shapeof the bell. Whenthe
plaster bandage has s, the surfacecan be fill ed with further plaster as necessary, smoothed

to a uniform profile, paintedwith a layerof PVA glue andsprayedwith clearlacquer. : :

The former canbe madeby sticking a numberof templatesof a half bell radially on a TT

A large numberof templateswill help to producea good shapebut will increasethe
difficulty of joining all the templatesat the centre. The difficulty can be easedby
sticking the vertical edgesto a (say 1" dia.) pieceof dowel, reducingthe width of the "
templates to suit the thickness of the dowel. D o e ek

Template of half bell, half size
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The bell will tendto shrinkasit driesmakingremovalfrom the formerdifficult. Greasinghe formerand
covering it with cling filmbefore laying up the paper will help.

Once finished and sprayed,the mock bell can be screwedto the undersideof the headstockMore
robustly,andservingalsoasan additionallocatingfeaturefor the gudgeorpin in the stock,a hole canbe
drilled right throughthe stockandpin anda 5M or 6M machinebolt or screwpassedhroughstock,pin
andbell andsecurediy a nut andlargewasherinsidethe bell. The hole shouldbe approx.136mmfrom
the free end of the headstock.

Mounting the Sensor

Mounting the sensor will depend on the type being used.
Here are views of typical sensors and mountings

Bagley Sensor

(mounted on a small L-shapédacketwith the
openendof the sensoheadapprox.3" from the
wheelandthereflectorstrip fixed to thewheelin
theright positionto beline with the sensoiead
with the bell mouth down)

Hall effect sensor

d (mounted in a similar position to that shown
in the picture above for the Bagley sensor
but with the face of the sensor box approx.
1v4" (30mm) from the face of the magnet and
the LED just left of the magnet centreline.)

Induction sensor [Aidan Hedley circuit]
(mounted ‘behind’ the wheel, as showr

Finishing

MDF hasatendencyto absorbmoisture.To preventthis and anyrisk of warpingif the dumbbellis in a
damp location the wheel should be sealed. Cosmetically it is advisable to varnish the frame as well.

Ceiling Boss

A ceiling bosscanbe madefrom oneor morelayersof plywood. The holefor theropeshouldbe approx.
1%4" in diameter.The bossshouldhavea squarebase which canbe securedo a ceiling eitherby screws
at the corners or by PVA glue.
John Norris
E&OE Sept 2005 with revisions to February 201!
(JRN@orpheusmail.co.uk)
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