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Skidbelaget ar redan fullandat?

Vi tjarar inte vara plastbatar, men vi paraffinerar vara
plastskidor. Kan glidvallor tillféra nagonting?
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Total glidfriktion (u)

-Om vi simplifierar och antar att friktionskomponenter ar
oberoende av varandra (Colbeck, 1992):

H = luplow ™ ludry T lulub T lucap T zudirt

plow — plowing;

dry — solid deformation;

lub — water lubrication;

cap — capillarity attraction,;
dirt — surface contamination;
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Abstraherad glidfriktion (u)

-Just nu diskuterar vi inte viktférdelningen pa skidor (spannet),
darfor kan vi forenkla ekvationen lite:

H = ludry T Iulub T lucap T ludirt

dry — solid deformation;

lub — water lubrication;

cap — capillarity attraction,
dirt — surface contamination;
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En klassisk interpretation av lika klassisk
glldproblematlk

>

coefficient of friction ()

P

_3 T coc  temperature

Generalized Stribeck curve (Schipper, 1988) . I : Full-film
lubrication (E)HL. Il : Mixed lubrication ML. 111 : Boundary
lubrication BL
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Och en tillampad interpretation av

glidproblematiken
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Vattenfilmen ar for tunn

Vi befinner oss i zon I. Darfor kan vi negligera bade kapillardrag
smutsabsorbering. Vara tester visar valdigt liten
smutsbelaggning under riktigt kalla forhallandena.

H = :udry T lulub
OCh :udry > zulub’ e”er :udry >> zulub

Med andra ord, under dessa férhallanden, ar minskning av torrfriktion det
effektivaste sattet att minska total friktion.
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Torrfriktion dominerar

*Vi befinner oss i1 zon | och vi

vill minska torrfriktionen. 6
Adhesion ar redan forsumbar
(Colbeck, 1992), darfor ska vi _5
koncentrera oss pa =
skidbelagets hardhet. §4
(@)
=
- :
83
-
2
227
Ut ur (Bowden, 1953) - Influence of 1

temperature on hardness (2 s loading
time).

| | | | 5
-5 10 -15 -20
temperature (°C)
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SWIX egen artikel

e Ut ur (Karlof et al., 2005): ”Since ice is harder than PE
INn most temperatures and has a larger change In
hardness as well one of the purposes of wax is to
adjust the hardness of the sliding surface to match

the hardness of the snow” Hardness
STAR Ski Wax (NA): - Shore D
0°/-4°C 13,90
28,40
40,10
48,60
SWIX LF4 -10°C/-20°C 45,80
Vauhti graphite antistatic
Det 4r inte l4tt att harda ett hardare material Hard =7=...-25°C . 44,70
d ett miukare TOKO Dibloc LF blue -10°C
me J ' to -30°C 44.90

P-Tex® 2000 64,20
P-Tex® 4000 67,30
P-Tex® 5000 68,60
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Kan ett mjukare material harda ett
hardare material?

« Men med tanke pa att man manga ganger ska
"matta” sina skidor;

« Med tanke pa olika varmelador;
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i Vi bestamde oss
att genomfora ett
enkelt experiment
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Ett simpelt experiment

Soft glide wax E r Hard glide wax
STAR NA ik £ | STARNA
0--4°C | -8 - -20°C
Melted by Melted by
106°C 128°C
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Ett simpelt experiment

« P-Tex® 2000 prover fran den mjukglidvalla badet och
Shore® S1 Portable Digital Durometer
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Visuellt resultat

After 22 hours in soft glide wax After 22 hours in hard glide wax
STAR NA 0 - -4°C melted by STAR NA -8 - -20°C melted by
106°C 128°C
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Parametriska resultat

Soft glide wax STAR NA O - -4°C

After 15 s
Hardness Shore D Weight [g]
Base
Graphite 64,8 5,806
Transparent 62,0 5,467
After 22 h
Graphite 44,1 12,038
Transparent 57,2 7,012

Belaget blev mjukare och samtidigt valdigt skort.
Materialet blev helt obrukbart som skidbelag.
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Inget nytt under solen!

e Ut ur (Slotfeldt-Ellingsen and Torgersen, 1982):
Let er imidlertid
viktig & merke seg at hvis man i stor grad smelter materialet og "fyller

det" med parafinvoks, vil de mekaniske egenskapene (slitestyrke c.a.)

bli drastisk redusert.

* Inte nog med det — ut ur (Shimbo, 1972): "Paraffins
were found to come off almost completely from the
sliding surfaces after running several hundred meters

over granular summer snow”
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SWIX egen artikel

e Ut ur (Karlof et al., 2005): ”During sliding, first
the thin wax layer at the surface wears off,
then the “stored” wax in the base is
“sweating” due to a reversed diffusion process
and supplies the gliding interface with
lubricating material”

Detta betyder att
skidbelaget har lagrat
glidvalla, som spenderas
under loppet.
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En enkel berakning
Distance covered D =10 km=10* m

Ski breadth b=40 mm=4x10"7° m
Glide wax thickness h =10 ym =10 m
Glide wax volume Dxhxl=0,004 m*=4 |

Vi behdver 4 liter glidvalla per skida
for att ordna en 10 pm tjock
paraffinhinna mellan skidbelag och
snd. Ar detta mjoligt?
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Inget nytt under solen!

e Ut ur (Slotfeldt-Ellingsen and Torgersen, 1982):

Man tror at graden og hastigheten av denne "utsvettingen' har betydning
for glien nar det vtre vokslaget er slitt vekk. Da sikre undersgkelser om
disse forhold ikke er utf¢rt, er man imidlertid henvist til spekulasjoner

pa dette punkt.

* Inte nog med det — ut ur (Traverso, 1986):
"Therefore, the original hypothesis of a slow and
continuous migration of the wax from the internal
to the external part of the insole is not valid”
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Ur vart eget experiment

1,0050

Velocity and contact

Jamforelse mellan | af :
stalsicklade och angie relative 10

| 0,9950 Aict
glidvallade skidor ictanea an

I : distalrticc Ol
(vardet < 1, \ \ SNOw.

paraffinerade | \ T

r\/

vy

Cl

skidor forsamras
snabbare) \ _
== Normalized
0,9800 comparative gliding
velocity
====Normalized
0.9750 comparative contact ||
\ "
0,9700
0,9650 T T T T T .
0,0 2,0 4,0 6,0 km 8,0 10,0 12,0 14,0
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UHMWPE skidbelag ar ett fullandat
material for kalltfore

>

=
'E vattenhinnan
2 Jgrforgock e Paraffineringen kan
E - inte tillfora nagot
: ‘\ positivt under kalla
""""""""" S ) och torra
~ 50°C _3--5°C temperature

forhallandena (i den
grona zonen |).
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Vattenfilmen ar for tjock

Vi befinner oss 1 zon Il. Darfor kan vi negligera torrfriktionen.
Daremot, vara tester visar valdigt stor smutsbelaggning under
blota forhallandena.

H = lulub T /ucap T /udirt
OCN Lgiry 2 tiyo s CUIET L4 >> p4y,

Med andra ord; under dessa forhallanden ar kapillardrag och
smutsbelaggningens minskning det effektivaste sattet att minska total friktion.
Speciellt med tanke pa att smutsbelaggning 6kar kapillardrag.
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SWIX egen artikel

e Ut ur (Karlof et al., 2005):

”The purpose of ski wax Is to reduce adhesion
forces, to reduce surface tension.

Further, by making the surface more
hydrophobic, adhesion is reduced at the
contact points.”

Med andra ord, vi maste gora allt for att 6ka glidytans hydrofobisitet
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Ett stalsicklade skidbelag ar extremt
vattenavvisande utan nagon glidvalla.

Advanced Contact Angle
Waxed - Dry

118,0
116,0
114,0
112,0
110,0

108,0 O Dry

degree

106,0

104,0

102,0

100,0

98,0

Nr. 3 - stone Nr. 4 - stone Nr. 5 - stone Nr. 6 - stone Nr. 7 - HSS scraper
grinding grinding grinding grinding
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Ett stalsicklat belag ar inte blankt.

Ski and kind of treatment Ccontact Ra RQ Rz Rt
Angle

Nr. 3 Stone grinding - pattern 1A. Dry. 104,83 3,66 4,52 31,69 41,33
Nr. 3 Stone grinding - pattern 1A, CH8. 113,14 3,19 4,13 28,79 33,80
Nr. 4 Stone grinding - pattern 1B. Dry. 110,48 4,75 5,72 31,46 35,26
Nr. 4 Stone grinding - pattern 1B, CH8. 113,14 4,78 6,08 35,08 36,84
Nr. 5 Stone grinding - pattern 2A. Dry. 107,18 2,76 3,51 26,10 31,62
Nr. 5 Stone grinding - pattern 2A, CH8. 115,88 2,73 3,49 23,94 26,50
Nr. 6 Stone grinding - pattern 2B. Dry. 111,92 3,12 4,02 27,48 30,14
Nr. 6 Stone grinding - pattern 2B CH8. 112,15 3,07 3,89 24,78 29,63
Nr. 7 Treated with HSS scraper. Dry. 117,26 4,60 5,71 32,11 34,69
Nr. 7 Treated with HSS scraper, CH8. 115,17 3,75 4,64 28,91 33,03
* Ra s the average roughness, Rq is the root-mean-squared roughness,

Rt is the peak-to-valley difference, and Rz is the average of the ten

greatest peak-to-valley separations on the sample.
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SWIX egen artikel

e Ut ur (Karlof et al., 2005): ”In fact, PE is one of the polymeric
materials having the lowest surface energy (more hydrophobic).
Only fluor-polymers have lower surface energy”

Angle = 110,43

angle Left= 110,69
Angle Right= 110,17
Base Width = 2,9122

Detta betyder att bara hogfluor-glidvallor kan 6ka
skidbelags vattenavvisande egenskaper. Stammer
valdigt bra med var resultat (Kuzmin and Tinnsten,

2005).
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Ur vart eget experiment

- \
Jamforelse mellan 0.00

o~
stalsicklade och \

glidva”ade Skidor 0,980 = Normalized
s comparative
(vardet < 1, \ ’

gliding velocity
paraffinerade o —— Normalized
- s . comparative
skidor forsamras grayscale

snabbare) | Velocity and
_|to distance on wet
SNOW. ~
0’9300,0 1LO 2;0 3LO 4;0 km 5LO 6;0 7;0 8.0
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Ett exempel av extremt snabb
forsamring av glidet.

Time of descent [sec]
Number of| Nr. 60 - Nr. 59 -
100 m Do not SG and
descent waxed CHS8
1 9,567 9,529
2 9,573 9,716
3 9,623 9,778

Stone grinded skis waxed with
Swix CH8 after 5,3 km. Air

temperature +7,7°C.
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Inget nytt under solen!
e Ut ur (Slotfeldt-Ellingsen and Torgersen, 1982):

Vi har studert hvordan smuss fester seg pa gliflaten pa en normalt

vokset for— og bakski.

Undersgkelsen viste at smusset fester seg i1 ujevnheter pa skisalen
(hakk, groper, riper, har, ruglete flater osv.). Vatfgreskiene bor
derfor under forhold med mye smuss overflatebehandles pd en midte som

gir en mest mulig glatt flate. Sdlen b¢r vere hard og slitesterk.

Stammer valdigt bra med vart resultat (Kuzmin
and Tinnsten, 2006).
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UHMWPE skidbelag ar ett fullandat
material aven for blotfore

>

vattenhinnan

Jrforjock e Paraffineringen kan
I inte tillféra ndgot

. positivt under
T varma och blota
forhallanden (i den
roda zonen II).

coefficient of friction ()
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Halsoaspekten ar mindre optimistisk

Exposure to Ski-Wax Smoke and Health Effects
in Ski Waxers

M. Dahlqvist,* R. Alexandersson,* B. Andersson,® K. Andersson,® B. Kolmodin-Hedman,® and H. Malker®
ADepartment of Work Science, The Royal Institute of Technology, Stockholm, Sweden;  BNational institute of
Occupational Health, Research Department in Ume&, Analytical Chemistry Division, Umea, Sweden; ®Department of
Occupational Medicine at the Karolinska Institute, Huddinge Hospital, Huddinge, Sweder;  PNational Board of
Occupational Safety and Health, Solna, Sweden

mainlyof tar has been replaced with wazes of paraffin sup-
plemenied by polytetrafluoroethyiene (PTFE) silicone, and
graphite. The method of application has also changed from
. OmImoen use nowadays
ly designed irons either
Lt 130°C or adjustable to

Downhill as well as cross-country skis have undergone
revolutionary technical development in recent decades.
ParaHel withianovations in ski bottoms, new types of ski
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Smoke and Health Effects in Ski Waxers. Appl Occup, Environ.
7(10)-559- 693; 1992,

7e male professional
L Three were nom.-
er than 10 cigarettes

Foto: ERIK BERGLUND
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Paraffin wax (fume)

{CAS No: 8002-74-2)

Health-based Reassessment of Administrative
Occupational Exposure Limits

Committee on Updating of Occupational Exposure Limits,
a committee of the Health Council of the Netherlands

J. Aevasel Sei, Vel 27, No. 2, pp. 339-344, 1996
Copyright @ 1996 Elsevier Science Ltd

Printed in Great Britain. All rights rescrved
(021-8502/96 §15.00 + 0.00

@ Pergamon

0021-8502(95)00552-8

TECHNICAL NOTE

FORMATION OF RESPIRABLE PARTICLES DURING
SKI WAXING

Kaarle Hiameri, Pasi Aalto, Markku Kulmala, Esko Sammaljirvi,
Erik Spring and Pekka Pihkala

University ol Helsinki, Department of Physics, P.O. Box 9, FIN-00014 University of Helsinki, Finland
(First received 30 December 1994; and in final form 22 September 1995)
Abstract— The formation processes and the final size distributions of airborne particles produced by ski
waxing with fluor-powder were investigated. For the present study the flow system for controlled produc-
tion of inhalable particles from ski wax was constructed. The particle formation was studied as a function of
time and temperature. The particle size distributions were obtained using both electrical (DMA) and optical

method (OPC). The mean diameter of particles was some hundred nanometers and the mass concentration
was found to be tens of milligrams per m? in maximum.
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Gar det att hitta nagon materielinnebord av
betydelse | dagens ghdpreparermg’P

nr. 62 is caught up

Why 24 technicians and
8 millions NOK can
not outperform one

poor Romanian wax
expert?
abt 1 min. of descent 1°15"" of descent, but nr. 62 is still in the lead
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Resumeée

- Tyvarr, med tanke pa allt ovannamnda fakta
har vi inte sa manga alternativ for att fa vara
skidor att glida bra. Men lyckligtvis ar det
resterande alternativet enkelt att utfora.
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Sa mycket belag gar bort vid
stalsicklingen

Ski base density p =1,0 mg/mm®
Waste weight w=2812 mg

Waste volume . =2.812 cm? = 2812 mm?

yo,
Treated surface length | =1830 mm

Treated surface breadth b :\il\flo mm

Surface skim thickness x = I'JOI L 3.8415x10% mm = 0,038415 mm

obl

Sa mycket (0,0384 mm) gar bort vid forsta stalsicklingen pa ca. 15
minuter. Ska man frascha upp, da tar man bort bara ca. 0,001 mm.
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Credits

Aftenposten

http://www.aftenposten.no/nyheter/sport/langrenn/articlel
195443 .ece

Toko USA http://www.tokous.com/thermo bag.htm
SWIX vwwww. swix.no

Foreningen Skelleftea Allmogebatar
http://allmogebatar.skelleftea.orqg/

Norra Vasterbotten

http://www.norran.se/bild arkiv/58/00000452158.ipg Foto:
ROINE SANDLEN
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