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Based o n  a study of 4 7 0  in j ure d  motorized two -wheel-riders 
improvements and conceptio n s  of an optimal prote ction was 
de scribe d . lt was found , that a protection against fracture s 
is not give n by commo nly used leathe r clothe s .  The aim of better 
protection must be by correlation of qualitie s from shock ab­
sorptio n and power distribution .  The se two ways of safety-yield 
is realizable from a compound- s y stem-prote ctor con sisted of a 
hard- s he ll material with sho c k  absorbing foam inside . The po s si­
bilitie s of the varying prote ctions with and without plate is 
quantified in this study . 

1 .  ACC I D ENT S I TUATION 

Every year , approximately 9 0 . 0 0 0  users of motorized two-wheelers 
are in j ured and 1 . 4 0 0  killed in traffic accidents in the German 
Federal Re public / 1/ .  2 1% of the in j ured are users of mofas and 
8% of moped s /mokic k s , but 7 1% ,  howe ver , are motorcyclists .  It 
is significant that 1 9 %  of all the in j ured in traffic ac cidents 
are two-whe eler users . Of the officially re gistered two -wheelers 
in the German Federal Republic , on average e very 1 3 th is involved 
in an ac cident . Whe n compar ing the annual driving performance 
for motorcycle s of approximately 6 . 5 7 9  km /2/ , an ac cident in­
volving and in j ured motorcyclist occurs on average e very 
1 1 3 . 0 0 0  km . 

How can this be e valuated ? 
I s  the s afety for motorcyclists greater than one may pre sume ? 

Compared with car occupants , motorcyclists face an about ten 
time s higher in j ury ris k , regarded statisticaly , than car occu­
pants , who drive approximately 12 . 10 0  km each year /3/ .  The 
probability of getting in j ured in a traffic accide nt is extre ­
mely high for motorcyclists , while two -thirds of the accide nts 
with cars re sult exclusively in material damage ( 6 5 , 2%) . The 



predorninating proportion ,  i . e .  9 7 , 8% of accidents with rnotorized 
two -wheelers involve s personal darnage (fig . 1) . This shows that 
rnotorcycle riders are far rnore e ndangered than car o ccupants . 
The danger of getting in jured in an accident rnust be seen in the 
expo sed po sition conne cted with a two -wheeled vehicle . 

2 .  OBJECTIVE 

The high in jury ris k  for two -whee ler users is due to the fact 
that the y are very expo s e d  to exte rnal irnpacts , in abs e nce of 
the pas se nger cornpartrne nt . It is further due to the lack of 
elastic interceptors for the body in a fall or a de celeration 
of the two -wheeler . An irnpact of the driver with objects in his 
path of rno verne nt rnust ine vitably lead to in jurie s. 

A great number of publicatio n s  concerning the in jury situation 
for this group of traffic participants already e xist , but beyond 
de s cription s  of in jury freque ncy and in jury rnec hanisms or such 
like , no ne of them give any dire ct re cornrne ndatio ns for rnodifi­
catio n s . Only a few realistic and practicable s ugge s tion s  can be 
found in the literature . Our intentio n to take initial steps 
to increase pas sive safety for rnotorized two-wheeler users de ­
rive s  frorn todays cognitio n s  about accident re s e arch . Exte n sive 
accident analyse s and first steps for the realization of sug­
ge sted rneasure s have already bee n  introduc e d  during the I RCOB I 
Confe rence 1 9 8 6  at Zuerich , Swit zerland /4/ . The great importance 
of selfprotectio n for two -whe eler users by the use of crash 
helrnets and protective clothe s was ernphasized . For the reduction 
of in jury s e verity , e specially of fractures ,  exclusively pro ­
te ctor cornbis are suitable , as will be derno n strated in this 
study . 

3 .  INVE STI GATI ONS AND WORK I NG METHODS OF REAL ACC I DENT 
DOCUMENTATION 

Prote ctive clothe s were de signed with in the frarnework of an 
innovation re search , sponsored by the Gerrnan county of Lower 
Saxony , carried out by the Medical University of Hannover , 
togethe r with the Te chnical University Berlin and industrial 
companie s of the county . The y were developed in ac cordance with 
cognitions derived frorn ac cident analy s e s  by the Accident 
Re search Unit , and evide ntly offe r prote ctio n frorn fracture s .  
The concept of the protector-clothe s was de veloped in long­
standing cooperation between the firm of D IF I *  and other firrns 
of the rne tal and s ynthetic -pro c e s sing industry of Lower Saxony . 

* Dirk Filmer ,  D- 2 9 3 0  Vare l 
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The spe cial feature of ac cident analyses is the detailed docume n ­
tation o f  traffic accidents by a re se arch team , at the site of 
the accide nt , directly after the accident oc currance /5/ . Te ch­
nicians and medical staff drive to the sce ne of the acc ident in 
special operating vehicles . They immediately proceed with the 
docume ntation of skid marks , scratche s ,  vehicle deformations , 
impact points on perso ns etc . .  With the help of stereo photo ­
graphy , true -to- scale drawings are produced , in order to rnake an 
e xact re construction feasible . I n j uries are do cumente d , divide d  
into type , localisation and severity A I S  /6/ , and together with 
the technical findings , the ac c ident causes can be e valuted . 
4 7 0  in jured motorized two -wheel-riders could docurne nted in this 
way . 

4 .  NECE S S I TY OF PROTECTOR-COMB I S  

4 . 1  INJURY S ITUAT I ON 

I n j ury po ints for 4 7 0  users of two-wheelers can be 
recognized in fig . 2.  Beside the head , with 6 7% of the i n j u­
red without helme t prote ction , the lower e xtrernities are 
most freque ntly in jured (8 1 , 2 % of all in jured people) . 
One-third of thern suffered fractures (fig . 3 ) . Espec ially 
frequent due to high irnpact forces are here (to 2 1% )  third­
de gree fractures ,  and also the to 5 5% occurring cornplete 
fracture of the tibia . These in j uries of the lower e xtrerni ­
ties are espe cially grave , in view of the often very serious 
after-effe cts , procured by delayed complicatio ns . This is 
the case with 4 6% of all le g in juries /7/ . 

Regions for high in jury risks are rnarked by hatchings in 
fi gure 4. 

Soft-part in j urie s are espe cially freque nt for shoulders , 
lateral lurnbar regions of thorax , abdomen and pelvis , the 
forearrns dorsally , inclusive the elbows , wrists and hands . 
Also involved are the lower e xtrernities (ventrally) inclu­
sive the knee and foot re gion . These body regions of two ­
whee ler users the refore urgently require prote ction by 
spe cial prote ctors . 

4 . 2  WHAT EFFECT CAN BE D I STRIBUTED TO TODAYS PROTECTIVE CLOTHES ? 

An examination of in jured traffic participants , with and 
without protective clothes (fig . 5) , show a distinct reduc ­
tion in open soft-part in juries like abresions , lacerations 
and contusions for leathe r-protected body re gions , and 
resulting from this , an increase of closed in j uries like 
contusions . I n juries to the unprotected thoracic re gions , 
caused by the tarrnac , we re to 10 , 9% close d and to 14 . 3% ope n 
soft-part injuries .  With leather protection , only 4% open 

3 



and 10 , 7% closed in juries were established .  This obvious 
protective function o f  the leathe r is especially evident for 
ope n so ft-part in juries , in juries o f  the thorax , the abdome n , 
the arms and hands , but also for the foot regio n , which is 
prote cted by boots . 

For a body impact with the vehicle o f  the collision partner , 
the prote ctive e f fect o f  leather clothes is not so distinct 
in our study population . In our opinion , this is due to the 
gene rally high e nergy conversion by the direct body impact 
to mainly hard and e dgy vehicle parts . A protection against 
fracture s is not give n by commonly use d leather clothes .  

4 . 3  C HARACTERISTICS OF P ROTECTORS 

There are two dif fere nt possibilities to re duce the conver­
sion o f  the produced impact forces , prior to transference 
to the body . These are : 

1 .  shock absorption 

Energies can be absorbed in the process o f  material de ­
formation and so the amount o f  transferred e nergy be 
reduced . The so -calle d shock absorption ,  i.e. amount o f  
the reduced e nergy is mainly de fined by the quality o f  
the material and the pote ntial de formation volume . 

2 .  e nergy distribution 

By transformation o f  a punctate e nergy into a surface 
stress , the re sulting pressures ,  i.e . the energy for each 
areal segme nt (kp/cm2) , are re duced. The resistance 
theory for instance shows in the load drop o f  a be nding­
stressed carrier only a half as big be nding moment with 
surface stress , compared with punctate stre ss . 

By correlation o f  qualities from shock absorption and power 
distribution ,  the following objectives could be achie ve d : 

- re duction o f  active e nergy 
- reduction of pressure stress 
- reduction o f  be nding stress . 

I n  order to combine both characte ristics , powe r distribution 
as well as shock absorption in one system , a prote ctor with 
compound-system body was chose n , which co nsists o f  an impac t­
e nduring plastic material on the outside , and a shock ab­
sorbing one on the inside (fig . 6 ) . 

A 3 , 2  mm cold-proof polypropyle n ,  and for the inside a shock 
absorber of 9 mm polyure than foam with a high absorption 
quality was used for the exterior . For the interior lining ,  
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a compound of 3 mm s oft polye s ter fle e ce was cho se n , with a 
s kin-compatible porous lining textile . 

5 .  CONCE PT OF A P ROTECTOR FOR COMPLETE SAFETY COMB INATI ON 

5 . 1 S HELL CONSTRUCTI ON 

I n  order to de sign well-pro tec ting c omfortable clothe s ,  which 
will be also ac cBptable for mo torcyclis t s , pro t e c tors should 
be built in to leather clothe s or be additionally pushe d  into 
exis ting garme n t s . Due to the fac t that the body regio n s  
which require protec tion (fig . 7 )  cover a total area of 
3 . 0 0 0  qcm ,  i . e .  approximately 8 0% of the to tal surfac e of the 
human body , it is mo s t  importan t to e nsure a good mobility 
for the mo torcyclis t. For this reas o n , all protec tors were 
manufac tured in s e gme nt cons truc tion (fig . 8 ) .  Movable s e g ­
men t s  conne c t e d  b y  thin synthe tic s ( s o -called film hinge s) 
permit a moveme n t  in one dire c tion o nly . This is due to the 
type and cons truction of the connec tio n s . By the load direc ­
tion toward the body , the mobility o f  the s e gme n t s  i s  redu­
ced .  The protec tors func tion as a plate . 

The example of the shoulder pro te c tor illus trate s con s truc ­
tion and foam shape (fig . 8) . 

5 . 2 QUANTI F I CATION OF PROTECTIVE EFFECT 

5.2 . 1 P ROTECT I ON REG I ONS 

Protectors were de signed for the following re gions :  

- shoulder 
- thorax 
- f orearm 
- thigh 
- tibia . 

For elbow and knee a protected zone was provided with a 
bols ter of polyure than foam . Hard-shell prote c tors could 
not be used here , as this material would limit the mobility 
enormously . This is also the case with the lumbar and pelvis 
region , whe re the seating po sition doe s no t permit a limited 
mobility . 

I n  order to quantify the pro tec tive effe c t  of the newly 
de signed ' combi ' , accide nt simulatio n s  and component te s t s  
were carried o ut . Within the framework o f  accide nt simula­
tio n s  with te s t  dummie s ,  the impac t poin t s  to be covered by 
protec tors and already well known from the ac cide nt s ce ne , 
could be verified .  
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5. 2 . 2  S HOCK ABSORPTI ON AND FORCE REDUCTI ON 

The functional test o f  the prote ctors in regard to their 
safety e f f  iciency was carried out in the framework o f  compo ­
nent experiments in which the system-co nstruction o f  the 
protector-she ll and protector padding were tested in impact 
experime nts. The materials for the shock -absorbing layer were 
chose n  and determined by impact experiments out o f  a nurnber 
o f  available. substances . The following various materials 
usable for the shock -absorbing inside layer were at our dis­
posal for the investigation 

Polyurethan- foam (PU) 
Polyvenylc hlorid- foam (PVC) 
Polystyrol- foam (PS) 
Polypropyle n - f  lee c e  (PP) 

All the substances were available as 9 mm thick sheet products 
and we re c hose n  to meet the demand o f  the best sho c k-absor­
bing qualities of eac h  material type . Beyond that , test 
sarnples we re prepared whic h consiste d o f  various material 
types and structures ,  such as air-cavity structures ,  known 
in the packing branch as " air-cavity - foil" , or the knee pro­
te ction parts o f  common-trade leather clothing as well as 
the new prote ctor-system plate with foamed on Polyurethan . 

The test-samples were put under load by a square test body 
measuring 8 0 0  x 2 0 0  mm with rounded o f f  e dges (R 1 mm) in a 
fall-test be nch (fig . 9 ) .  The test body we ighed 5 kg , the 
fall height rneasure d 128 cm and the spee d  was 18 km/h . The 
impact force was measured with a force measure ment vessel 
the force/time -process was surveyed digitally and prepared 
for the analysis by mathematical inte gration o f  the dec e ­
laration in a force/speed- and force/distance -process .  All 
the test samples were put under load without and with a 
covering plate so that the f orce reduction due to the e f fect 
o f  the plate could be evaluated .  

5. 2 . 2 . 2  ANALYS I S  RESULTS - - - - - - - - - -- ---- -

A tabular evaluation of  the following details is shown in 
fig. 10 : 

The maximum force under the test-sample , the time in whic h 
a force exceeding 5 KN (i . e .  10 0 g) was in e f fect and the 
e f ficiency of the shock absorption. This results out o f  the 
product o f  f orce reduction and distanc e -exploitation -degree 
and can be re garded as a valuatio n of the following demands : 

6 



1. Low force maximum in re l ation to the ide al force 
le ve l under ide al force tran smis sio n  behaviour 
(rectangular c h aracteristic line) o f  the te st­
s ample ( in this c a s e  7 KN) 

2 .  Highe st po s sib le exploitation o f  the material 
distance used for damping ( maximum distance in 
ide al re ctangular characteristic line = material 
thickne s s) . 

Force pe ak s o f  1 9 , 3 to 3 0  KN we re derived for the various 
mate rials without plate in this l o ad c a se. The lowe st value s 
were derived for Poly ste rol and Po lyvenylchlorid . The maximum 
force leve l de cre as e s and the s hock abs orption incre a se s whe n  
the de nsity o f  the material incre ase s. Although the e ffi­
cie ncy of Polyve nylchlorid is only s lightly lower than that 
o f  Polystyro l. Be c au s e  o f  the c h ained structure o f  it's 
tis s ue , P o lypropyle n - f leece without plate rated a re l atively 
high e f ficiency o f  n = 0 , 11 ,  but a force pe ak reduction o f  
o nly 20% under plate load. The s hock a b sorption is·very bad 
compared to othe r materials under plate l o ad ( e f ficie ncy 
q = 0 , 16) ; a re a s on not to use this material for s he l l ­
prote cter-con structio n s. Eve n  under plate load , Polystyro l 
h a s  the be st s ho c k  a b sorbing qualitie s with a high den s ity 
( 58 g/1) and q = 0 , 78 and a force reduction o f  67%. Bec ause 

o f  it's good proce s sing po s sibilitie s ,  the ne ce s s ary e l a stic 
quality for we aring comfort an the relatively high damping 
and force reduction quality , Polyurethan- fo am or Po lyve nyl ­
c hlorid- foam seem to b e  mo st suitable for the propo sed 

protecte r  c ompound system. An e f ficiency o f  q = 0 , 14  
without plate load and o f  � = 0 , 24 with plate load was 
achie ved with Polyureth an - foam 2.  An additio n a l  reduction o f  
the maximum force le vel by 24 % can be ac hie ved with the plate 
dra ft. The time influe nce o f  a force e xceeding 5 KN , corre s ­
ponding to 1 0 0 g only amounts to 1 , 9 ms , where a s  other 
materia l s  have the s ame force le ve l  for a longer length of 
time. 

5 . 2 . 3 COMPAR I S ON OF LEATHER CLOTHING WITH AND WITHOUT 
S HELL-P ROTECTER 

To enable an e valuatio n of the advantage s of s he ll-prote c ­
ters in comparison to pre se nt-day "NORMAL" prote ctive 
c l othing , a few te st items out o f  shop colle ctio n s  were 
cho s e n  and their force reduction and s hock ab sorption quali­
tie s were te sted on a f all-te st-bench. 
The following ite ms were te sted : 

- le ather 1 , 4 mm + 3 mm lining fleece 
- knee part le ather 1 , 2  mm + 10 mm very s o ft foam 
- knee part le ather 1 , 2  mm + 5 mm .s o ft foam 
- knee part le ather 1 , 2  mm + 5 mm s o ft foam and 

addition al KEVLAR padding 
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- knee part leather 1 , 4  mm + 10 mm temper foam 

Air bolster fo ils (plastic air-cav ity bolsters used in 
packaging ) ,  and the prote cter-compound-s ystem made of Poly­
urethan foam (shown in fig . 6 ) we re te sted and c ompared and 
the re sults set against each other in f i g . 11 . Air-bolster­
fo ils show hardly any po s s ibility of force reduction . The 
highe st force level of over 3 5  KN and the lowe st shock ab­
sorption degre e  of le s s  than � = 0 , 0 5 was e stabl i s he d  for 
thi s  material . Compared to thi s ,  a normal leather knee pro ­
tector with a 3 mm lining fleece already cause s a sli ght 
force reduction . In thi s  case 34 , 4  KN were measured . Compared 
to thi s  leather/flee ce combination , leather plus 10 mm of 
very soft foam measure d 32 KN , and a knee protector from 
another manufacture r even 3 3 , 8  KN . The usage of KEVLAR d i d  
not inprove the damping . The prote ct ive clothi ng of 
HALVARSS ON , whi ch i s  already abtainable , containing inte gra­
ted foam protective - zone s , shows a d i stinct gai n  of safety . 
The maximum force transmitted to the bac k ing was reduce d  to 
21 , 8  KN . Altho ugh the influence time of greater loads e xc e e ­
d ing 10 0 g amounts to 1 , 7 ms . The prote ctor -compound- s yste m  
has the be st force reduction and shock absorbing qualitie s. 
A force of only 17 . 1  KN and an effic iency de gree of 0 , 15 
were e stabl i s hed . Thi s means a force leve l reduction of 51% 
compared to normal leather clothing . However the greate st 
force re duction and eff i c iency de gree was e stabli shed for the 
combination of plate and HALVARS SON foam ( 69% force reduction 
eff i c iency de gree q = 0 , 5). The clear superiority of the 
plate -compound- s y stem can als o  be seen in the force /time ­
proce s s  shown in fig . 12a and b in whi ch the se materials are 
compared with normal leather clothing . The insert ion of a 
plate achieve s the explo itation of a larger area whi c h  lowers 
the force peak s , thus draw ing the force -distance-value clo ser 
to the re ctangular characte r i s t i c s  value . On the whole only 
a slight force absorption (sho ck absorption ) can be achieve d  
us ing thi s  method (effic iency rate) ,  and cannot be improved 
until a thicker foam layer i s  added. 

6 .  D I SCUS S I ON 

Users of two-wheel vehicle s must prote ct themselve s against fall 
and crash injurie s 

Thi s  demand already def ine s the claims that must be put on pro ­
tective clothing . 
When the various crash and movement type s that happe n to motori­
zed two -wheel users in ac c i dents are analy sed , a comb ination of 
tangential slide-move ments with a large amo unt of fr i ction , 
causing fricti on-heat , joined with d i rect crash s ituations on 
areas as well as often edgy obje cts also caus ing a high force 
rate , can be determined. Optimum prote ction by prote ctive clo­
thin� must therefo re ensure tear-firmne s s  and heat-stability , 
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as well as shock-abs orption . Where as te ar-firmne s s  and heat­
stab ility can already be ach ieved by leather and other textile s ,  
the reduction of the impact to the body must be achieved . The 
development of crash helme ts and vehi cle constructions has shown 
us that shock-absorption can only be achieve d  through a def ine d  
deformat ion course , which i s  hardly pre sent i n  leather-clothing , 
when one cons i ders the po s s ible thi ckne s s  of the material layer . 
But shock -absorption cannot be derived out of the course , it i s  
als o  influence d  by structure and deformation qualit i e s  of the 
material . The deve loper of prote ctive c loth ing must make use of 
the se po s s ibilite s . Apart from the po s s ibility of us ing Polyure ­
than foam of high damping quality of the large st po s s ible and 
reas onable thickne s s , the prote ctor-compound - s y stem de scribe d  
here als o  use s  the plate effect , through which force reduction 
occurs by means of area d i spers i on . Thi s effe ct was confirmed in 
fall-te sts . 3 1% to 4 1% of the maximum force was transmitted to 
the body , compared to le ather w ithout plate - a contribution to 
more s afety for the two -whee l  user ! 

An improvement of up to te n time s better than normal leather 
clothing with s imple foam safety areas . The te sts confirmed the 
high prote ctive pote ntial of the foam areas developed by 
HALVAR S S ON , which achieve a force -leve l re duction of about 3 5% 
without plate , compared to normal prote ction areas , and as much 
as 6 1% w ith plate . The plate system has further advantage s 
be cause of the reduce d  preasure and bend strain caused by the 
force d i stribution , as well as the ability to prevent the pene ­
tration of po inted and sharp-edged parts . Thi s  contribution to 
the reduction of fracture ans soft-part injurie s should not be 
under e stimated . Whe n cho o s ing material for the sho ck absorb ing 
layer , it should be taken into cons i deration , that too inactive 
rnaterials can lo se the ir good shock absorbing qualitie s after 
be ing e xpo s e d  to a prior load . The HALVARS S ON foam for instance 
produce s  worser re s ults when rneasure d irnrne d iate ly after a prior 
load of 5 kg . Apart frorn the po s s ibility of a second irnpact , a 
prior load can already be achieved at the elbow and knee areas 
s imply by wearing the garments . 

The study at i s sue i s  not suppo sed to favour a certain rnarket 
product , but to de s cribe the body parts that have to be prote c ­
ted ,  apart frorn that , the effi c iency o f  a plate -cornpound- s y stern 
and the po s s ibilie s of re ali zation of the increasement of the 
wear ing comfort by spe c ial construction of the hard shell . It 
should not be i gnore d , that other materials ex i st ,  which have 
be tte r qualiti e s  than tho se rne nt ioned here. The plate-compound­
system can still be re garde d as a guide to the future development 
of prote ct ive clothing for two -wheel users. 
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motorized 

of injured body regions of 
two-wheel-riders (100% all 

470 
persons) 
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Fig. 

motorized two-wheel-riders 

lnjurles: sott part tracture organ vessel 

60.8% 21.0% 39.9% head without helmet 
5.7% 3.3% 0.4% 0.4�� 1 neck 

12.5% 9.0�� shoulder 

12.3�� 8.5% 6.3% 1.7% thorax 

50.6% 17.1�� 0.2% arm total 

10.1% 4.2% 0.2% upper arm 

13.4�� 1.7% elbow 

14.5% 8.8�� torearm 

9.9% 1.7�� wrist joint 

27.3% 5.2�� hand 

8.3�� 1.1�� 6.6% 0.7% abdomen 

11.0% 3.3'% 0.6% 0.2% pelvis 

75.7% 32.2% 0.2% leg total 

25.6% 12.9% 0.2% thigh 

48.1�� 3.1% knee 

35.7% 18.6% lower leg 

20.3% 4.2% ankle joint 

14.9% 3.5% foot 

total (100%): all persons 

3: Frequency of kinds of injuries selected to 
injured body regions of 470 motorized two­
-wheel riders (100% all persons) 

body-regions with high frequency 

of soft part injuries 

body-regions with high frequency 

of fractures 

Fig. 4: Regions of high frequency for soft-part 
injuries and fractures 
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body-

regions 

[li] thorax 

[Kl]abdomen 

[]]] pelvls 

localisation of i mpact 
leather 

road surface 
soft part lnjury fracture/ soft part lnjury fracture/ clothes 
closed Open organ closed open organ 

4,0% 1 0,7% 5,7% 21,3% 25,0% 15,7% rvesl 
,__1 0- , -9°- Yo_l

_
4_1_3 ° -Yo--+-- 6-,2-o/c-o-+--l- 5-, 7-o/c

_o _1 _5-,2-o/c-o -+--1- 3-, 1-o/c__,o � 
1,0% 4,3% 2,3% 7,7% 7,7% 6,0% [YeSl 

1----c2� ,�6°��-��5� ,0� 0��-+-�1� ,7= o/c�o-+- � 3-,6�o/c�o -�5-,5�o/c- o-+- �5�,0--,- %--1 � 
5,3% 6,3% 4,2% 1 3,7% 16,8% 8,4% � 

t----,2- ,-8 -%- - 6-,6- 0-�-t-- 1� ,6-o/c-o-+-�3� ,3- o/c� o-�5-,8-o/c-o-+- --,-2 -,7--,- o/c--lo � 
l""tS:I wrlsl folnl 4,8% 1 3,0% 4,8% 4,1% 15,1% 4,8% � � hand ,_1_4

_
, -4°-Yo_2

_
9

_
,- 2o/c-o-+-- - 2 -,3-o/c-o -+-- -7 -, 5-o/c- o -1- 4-, l-o/c -o -+-- -3,- 7 -%--< � 

�arm 
9,7% 2 4,0% 7,0% 1 2,7% 19,0% 11,3% � 

1 4,7% 3 2,1% 3,6% 9,5% 1 8,3% 6,9% � 
rrri. an1oo

1
1t1• 101n1 

t----c
l_, _3° _Yo _ _ 2_, 5_0,...,.Y

o-+--
--+-1_8_,8_0 _Yo_2 _5 _,0_ o/c _o-+-

1....,. 1 _,3 _%--1 � � 6,4% 1 0,5% 1,2% 11,3% 2 0,4% 5,4% � 
29,5% 35,8% 46,3% 6 7,4% 47,4% � 
2 2,2% 55,1% 3,1% 4 0,7% 77,4% 31,4% � 

Fig. 5: Injury frequency for body regions, with and 
without leather protection, divided by road­
- and car impact (100% all body regions with 
or without leather protection) 

Conf iguration 
t�:-0:�:00:�:0 0:�:00:� 

· 1, 3-1, 4mm leather 

111111111 

3,2mm protector-shell 

9,0mm protector-bolster 

3,0mm fleece 
0,5mm lining 

Fig. 6: System design of a hard-shell-protector 
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Fig. 7: Protected body regions (black: exclusive 
bolster/hatchin: protector plus bolster) 
by recomrnendations of the accident-field-study 
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Systemcon struction 
thlned material hinge 

--+-

1 ... . 

BI 

Fig. 8: Construction drawing of a shoulder protector 
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drop test bench 

}test body 
C5kg> 

=�1-+plate C3mm> 

charge 

booster 

sample C9mm> 
load cell 

digital 
storage 

scope 

plotter 
F=t(t) 

computer 
F=l(s) 

Fig. 9: Measuring apparatus and -system of a drop 
test bench 

without plate with plate 

Fmax 

!kNl 

PVC 150 gramm/111re 30.00 
PVC 250 gramm/lltre 25.77 
PVC 300 gramm/111re 21.57 

PS 37 gramm/lllre 24.20 
PS 43 gramm/111re 26.98 
PS 58 gramm/lltre 19.33 

PP-fleece 27.75 
PU-system l 25.75 
PU-system 2 23.50 

Fmax maximal force 

t. t durallon of Fmax> 5 kN 

t.t 
!msl 

1.67 
1.75 
1.85 

1.70 
1.70 
1.83 

1.55 
1.68 
1.70 

Fmax t. t 
� (kNl !msl 

0.10 16.70 2.00 
0.13 14.47 2.30 
0.14 14.73 2.10 

0.14 12.10 2.40 
0.13 9.20 2.72 
0.28 8.94 2.83 

0.11 22.25 1.93 
0.12 16.30 2.10 
0.14 17.80 1.90 

� efflclency factor 

FR force reducllon by plate 

FR 

� (%) 

0.28 44 
0.35 43 
0.38 32 

0.58 50 
0.76 52 
0.78 67 

0.16 20 
0.25 37 
0.24 24 

Fig. 10: Results of the drop test bench measurements 
by selected material assays with and without 
hard-shell-protection 
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leather l.4mm • lmm fleec:e 

knee pad: 

leather + 10 mm foam 

C••rv sott> 

leather + Smm foam 

<soft> 

leather + Smm foam 

+ Kevlar 

leather • lOmm 

Halvarsson foam 

air-cushion-Ulm 

protector-

composite-system 

PU-foam 2 

Halvarsson foam 

maximal 1 duration of 

force Fmax 
Fmax f > 5 kN 

CkNl ! cmsl 

3 4. 4  1 1.6 i 
! 
1 

3 2.0 i 0.8 ! 
33.8 i 

i 0.3 
! 

3 3.9 ' 0.3 ' 
-+ 

21.8 1 1.7 1 

>35.0 0.6 
1 

1 7 .l 1.9 
i - -

1 0.6 1.8 

efficiency 
reduction of force 

factor 
transmission 

in relation to 

IJ. normal leather 

0.10 0 

0.03 7 % 

0.05 3 % 

0.05 3 % 

0.1 6  3 7  % 

<0.05 -

0.15 51 % 
0.50 69 % 

Fig. 11: Special results of drop test bench measurements 
in comparision of material assays of cornrnonly 
used leather clothes. 

1 
[FI 

PU-foam 2 

.,. ""' 

wlthout plate 

wlth plate 

I ' 
„/ ' ' ' / J 

" l'· \ 1 
1 

\ „, ,„ �. \ 1 1 1 1 1 
LsJ---

Fig. 12a: Force (F) -reduction of Polyurethan(PU) -foam 
No.2 by hard-shell-protection 
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normal leather clothes 
leather + lOmm foam leather + lOmm 

Halvarsson foam 1 
lF 1 

1 
1F1 

(very soft) r l F 1 

:.�j-- isi___. 

protector-composite-system 
plate + PU-foam 2 

Ist--

plate + 9mm 
Halvarsson foam 

:si--

Fig. 12b: Force (F) -reduction of protection areas in 
"normal" leather clothes in cornparision to 
a cornpound systern of hard shell and shock 
absorbing foarn 
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