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Appendix A        Competition 
and design direction
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9confidential

Competitors: Pro User Diamant

� 18 kg

� 399 euro (329)

� Up to 60 kg

� Tilting mechanism

� Slightly more compact 

(70x50x22)

� Best  buy consumentenbond

10confidential

Competitors: Spinder Tour / Cross

� 11,9  (alu) / 13 kg (steel)

� 349 / 289  euro

� Up to 50 kg

� No tilting mechanism

� Not foldable 96x50x32 cm

� Might be too short
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Competitors: Spinder Urban

� 12,4 kg

� 459,- euro (459)

� Up to 50kg

� Tilting mechanism

� Compact

75x51x17 cm

12confidential

Competitors: Westfalia Portilo 

� 17.5 kg

� 425 (385) euro

� Up to 60kg

� Tilting mechanism

� 69x58x22,5 cm
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Competitors: Uebler  X21 Nano

� 12,3 kg

� 499 (471) euro

� Up to 60kg

� Tilting mechanism

� 65x58x30 cm

14confidential

Competitors: MFT ES Compact 

� 13 kg / 399 euro

� Up to 60kg

� Tilting mechanism

� 66x61x26

� LED light

� Tow hook fixation like MN!

JULY 2012 AVAILABLE
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Competitors: MFT ES Compact

16confidential

Competitors: Non Foldable

� Thule

20 kg,  559 euro

up to 60 kg

LED

� MFT EuroSelect XT

16kg, 450 euro 

up to 82,5kg

SMD-LED 

� Atera Strada Evo2

16.3 kg, 459 euro

up to 60 kg, 

No LED
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Competitor overview
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folding
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50

269,-

289,-
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66x61
x26
(104.6)

65x58
x30
(113.1)

67x60
x27
(108,5)

75x51
x17
(65,0)

Non
folding

70x50
x22
(77,0)

76x53
x22
(88,6)

Compact

(cm) 

(liter)

Yes

60

389,-

429,-

17.5

Westf.

Portilo

Yes

60

471,-

499,-

12,3

Uebler

X21

399,-459,-329,-329,-359,-Web price (€ )

6050506080Up to (kg)

YesYesYesYesNoTilting

459,-

12.4

Spinder

Urban

429,-349,-399,-379,-List price  (€)

13131816Weight (kg)

MFT

ES

Spinder

Tour

ProUser

Diamant

M3

Verto

22confidential

Style guide
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Appendix B
Material properties
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Materials designed to improve

TEPEX® dynalite Glas/PA-RG600(x)/47%: 

Symbol Einheit Bezeichnung Wert Prüfnorm 
E1 [GPa] E-Modul in Kettrichtung 23,65 DIN EN ISO 527-4
E2 [GPa] E-Modul in Schussrichtung  23,43 DIN EN ISO 527-4
E3 [GPa] E-Modul in Dickenrichtung 5,4a - 
G12  [GPa] Schubmodul k/s 3,1 DIN EN ISO 14129
G13 [GPa] Schubmodul k/z 2,1b - 
G23 [GPa] Schubmodul s/z 2,1c - 

12 [-] Querkontraktionszahl k/s 0,16 DIN EN ISO 527-4
13 [-] Querkontraktionszahl k/z ** - 
23 [-] Querkontraktionszahl s/z ** - 

     
Rz

1 [MPa] Zugfestigkeit in Kettrichtung 472 DIN EN ISO 527-4
Rd

1 [MPa] Druckfestigkeit in Kettrichtung 250*** DIN 65380 
Rz

2 [MPa] Zugfestigkeit in Schussrichtung 425 DIN EN ISO 527-4
Rd

2 [MPa] Druckfestigkeit in Schussrichtung  280*** DIN 65380 
Rz

3 [MPa] Zugfestigkeit in Dickenrichtung 63d - 
Rd

3 [MPa] Druckfestigkeit in Dickenrichtung 63e - 
R12 [MPa] Scherfestigkeit k/s 91 DIN EN ISO 14129
R13 [MPa] Scherfestigkeit k/z 47f - 
R23 [MPa] Scherfestigkeit s/z 47g - 
1 = Kettrichtung (k); 2 = Schussrichtung (s); 3 = Dickenrichtung (z) 
 
*** = Diese Werte sind extrem schwer experimentell zu ermitteln, da Knickgefahr während 
der Versuche. Reale Werte müssen deutlich höher sein. 

a berechnet mit:
2
m

m*
m

f

*
m25,1

2
*
m3 1

EE

E
E1

85,01EE

b berechnet mit:

f

m25,1
m13

G
G1

6,01GG

c berechnet mit:

f

m25,1
m23

G
G1

6,01
GG

d berechnet mit:
quer,f

mz
m

z
3 E

E11RR

e berechnet mit:
quer,f

md
m

d
3 E

E11RR

f berechnet mit:
f

ms
m13 G

G11RR

g berechnet mit:
f

ms
m23 G

G11RR

** ergibt sich aus Schubmodul und E-Modul



11

 2 

Materials designed to improve
 

Glass PA
E1
E-Modul in
Hauptrichtung

[N/mm2]

73.000
(nicht erforderlich)

3000
(nicht erforderlich)

E2
E-Modul quer zur 
Hauptrichtung

[N/mm2]

73.000 3000

G
Schubmodul

[N/mm2]
30.000 735

( =0,36)

12
Querkontraktion

[-]
0,22 0,36

R3
z

Zugfestigkeit in 
Dickenrichtung

[N/mm2]

80

R3
d

Druckfestigkeit in 
Dickenrichtung

[N/mm2]

80

Rs

Scherfestigkeit
60

 
 
Die obigen Angaben gelten für einen Faservolumenanteil von 47%. Für andere Glasgehalte 
schlagen wir ein Hoch- bzw. Runterrechnen mit folgenden Gleichungen vor: 
 
Module: 
 

MatrixGlasFaserGlas GEGExGE ,1,,  
 
Festigkeiten: 
 

FaserGlas RxR  
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Material Data Sheet

TEPEX® dynalite 102-RGUD600(x)/47% 
Roving Glass – PA 6 Consolidated Composite Laminate

These values are for this specific composition only, the characteristics of composites depend on the reinforcement level and the fibre orienta-
tion. Non-standard thickness may also alter some or all of these properties. The data listed here fall within the normal range of product 
properties, but they should not be used to establish specification limits nor used alone as basis of design. 

This information corresponds to our current knowledge on subject. It is offered solely to provide possible suggestions for your own experimentations. It is not intended, however; to substi-
tute for any testing you may need to conduct to determine for yourself the suitability of our products for your particular purposes. This information may be subject to revision as new 
knowledge and experience becomes available. Since we cannot anticipate all variations in actual end-use conditions. Bond-Laminates makes no warranties and assumes no liability in 
connection with any use of this information. Nothing in this publication is to be considered as a licence to operate under or a recommendation to infringe any patent right.  
Caution: Do not use this product in medical applications involving permanent implantation in human body.  
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Appendix C
Compact carrier

Figure 2 Possibili  es for an extendable wing.

 Figure 1 Original idea of a compact 
carrier
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Appendix F Rivets
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35
42 Tb1398GB(1011)1Telephone: +49 (0)5 41/58 22-0    Telefax: +49 (0)5 41/58 22-494    E-Mail: export@titgemeyer.comL

Dome head

Material

Sleeve 
Aluminium Al99 
Melting point 650 – 660 °C

Mandrel 
Aluminium AlZnMgCu 1.5

Part No.

300 910
300 911
300 912
300 920
300 921
300 922
300 930
300 931

Nominal
size-ø

d
[mm]

3.2

4.0

4.8

Hole-ø

[mm]

3.3

4.1

4.9

Head Strength1

nominal
Grip range

s

[mm]

4.8 – 6.4
6.4 – 9.5

9.5 – 12.7
3.2 – 6.4
6.4 – 9.5

9.5 – 12.7
6.4 – 9.5

9.5 – 12.7

Sleeve 
length 

l +1.0   -0.2

[mm]

9.5
12.7
15.9
10.2
13.0
16.4
14.0
16.8

ø
dk ±0.3

[mm]

6.5
6.5
6.5
8.0
8.0
8.0
9.5
9.5

Height 
k ±0.2

[mm]

1.0
1.0
1.0
1.2
1.2
1.2
1.4
1.4

Mandrel
ø

dm nom

[mm]

1.9
1.9
1.9
2.4
2.4
2.4
2.9
2.9

Shear
[N]

280
280
280
460
460
460
650
650

Tensile
[N]

370
370
370
640
640
640
910
910

We reserve the right to amend specifications at any time.

POP® Soft-Set blind rivets

1 Minimum based on rivet failure
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44 Tb1399GB(1011)1Telephone: +49 (0)5 41/58 22-0    Telefax: +49 (0)5 41/58 22-494    E-Mail: export@titgemeyer.comL

Dome head

Material

Sleeve 
Steel zinc, passivate

Mandrel 
Steel zinc

Nominal
size-ø

d
[mm]

4.8

Grip range
s

[mm]

– 6.4
3.0 – 8.5

ø
dk ±0.3

[mm]

9.5
9.5

Height 
k ±0.2

[mm]

1.5
1.5

Sleeve 
length
l ±0.5

[mm]

17.2
19.5

We reserve the right to amend specifications at any time.

Hole-ø

[mm]

5.0

Shear
[N]

2000
2000

Tensile
[N]

2500
2500

Part No.

300 870
300 871

Strength1

nominal
Head Mandrel

ø
dm nom

[mm]

2.9
2.9

POP® LSR folding leg blind rivets

1 Minimum based on rivet failure



38
45Tb1399GB(1011)1 Telephone: +49 (0)5 41/58 22-0    Telefax: +49 (0)5 41/58 22-494    E-Mail: export@titgemeyer.comL

Bl
in

d 
riv

ets

Dome head

Material

Sleeve 
Aluminium AlMg 3/3.5

Mandrel 
Aluminium alloy

Nominal
size-ø

d
[mm]

4.0

4.8

Grip range
s

[mm]

– 6.4
3.0 – 9.5
5.0 – 12.0

– 6.4
3.0 – 9.5
5.0 – 12.0

ø
dk ±0.3

[mm]

8.0
8.0
8.0
9.5
9.5
9.5

Height 
k ±0.2

[mm]

1.2
1.2
1.2
1.5
1.5
1.5

Sleeve 
length
l ±0.5

[mm]

17.5
21.3
25.0
17.5
19.8
23.5

Large dome head on request.

We reserve the right to amend specifications at any time.

Hole-ø

[mm]

4.2

5.0

Shear
[N]

700
700
700
1000
1000
1000

Tensile
[N]

900
900
900
1400
1400
1400

Part No.

300 840
300 841
300 842
300 850
300 851
300 852

Strength1

nominal
Head Mandrel

ø
dm nom

[mm]

2.3
2.3
2.3
2.7
2.7
2.7

POP® LSR folding leg blind rivets

1 Minimum based on rivet failure
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40
68 Tb1403GB(1011)1Telephone: +49 (0)5 41/58 22-0    Telefax: +49 (0)5 41/58 22-494    E-Mail: export@titgemeyer.comL

TIFAS® multigrip blind rivets

Dome head

Material

Sleeve
Steel SAE 1006 or equivalent
zinc, passivate

Mandrel 
Steel SAE 1018/1035
zinc, passivate

Part No.

421 021
421 0232

421028
421 032
421 067
421 068
421 069
421 072

–

Strength1

nominal
HeadNominal

size-ø
d

[mm]

3.2

4.0

4.8

6.4

Grip range
s

[mm]

1.0 – 4.0
1.0 – 9.0
1.4 – 5.0
1.4 – 8.0
1.0 – 4.0
1.0 – 6.0
1.0 – 9.0

3.0 – 12.0
1.5 – 7.5

ø
dk ±0.25

[mm]

7.2
7.2
8.1
8.1
9.8
9.8
9.8
9.8
13.0

Height 
k ±0.25

[mm]

0.85
0.85
1.20
1.20
1.45
1.45
1.45
1.45
3.0

Sleeve 
length

l +0.4 -0.2

[mm]

9.0
13.0
11.0
14.0
9.0
11.0
14.0
17.0
14.5

Hole-ø

[mm]

3.3 – 3.4

4.1 – 4.2

4.9 – 5.0

6.7 – 6.9

Shear3

[N]

1510
1510
1962
1962
4415
4415
4415
4415
6867

Tensile
[N]

1717
1717
2355
2355
3826
3826
3826
3826
4120

Mandrel 
ø

dm nom

[mm]

2.1
2.1
2.7
2.7
2.9
2.9 
2.9
2.9
4.2

1 Minimum based on rivet failure
2 Long mandrel 50 mm 
3 The shear strength is affected by the position of the broken mandrel on the shear plane

On request: • Other types
• Nominal size 4.8 mm with large head 14.0 mm 
• Nominal size 4.8 mm with extra-large head 15.85 mm. e.g. Part No. 423 067
• Other surface coatings/proporties

We reserve the right to amend specifications at any time.
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Countersunk head 120°

Material

Sleeve
Steel SAE 1006 or equivalent
zinc, passivate

Mandrel 
Steel SAE 1018/1035
zinc, passivate

Part No.

421 073
–
–

421 071

Strength1

nominal
HeadNominal

size-ø
d

[mm]

4.8

Grip range
s

[mm]

2.5 – 6.0
3.0 – 9.0
4.0 – 12.0
9.0 – 17.0

ø
dk ±0.25

[mm]

8.65
8.65
8.65
8.65

Height 
k ±0.20

[mm]

1.3
1.3
1.3
1.3

Sleeve 
length

l +0.4 -0.2

[mm]

11.0
14.0
17.0
22.0

Hole-ø

[mm]

4.9 – 5.0

Shear2

[N]

4415
4415
4415
4415

Tensile
[N]

3826
3826
3826
3826

Mandrel 
ø

dm nom

[mm]

2.9
2.9
2.9
2.9

1 Minimum based on rivet failure
2 The shear strength is affected by the position of the broken mandrel on the shear plane

On request: • Other types
• Other surface coatings/proporties

We reserve the right to amend specifications at any time.

TIFAS® multigrip blind rivets
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Part No.

421 121
421 122
421 134
421 130
421 132
421 129
421 141
429 127
421 143
421 149
421 144

Nominal
size-ø

d
[mm]

3.2

4.0

4.8

Hole-ø

[mm]

3.3 – 3.4

4.1 – 4.2

4.9 – 5.0

Head Strength1

nominal

Dome head

Material

Sleeve
Aluminium AlMg 2/2.5

Mandrel 
Steel zinc

Grip range
s

[mm]

0.8 – 4.8
4.0 – 8.0
1.3 – 3.8
1.2 – 6.5
4.0 – 9.5
8.0 – 13.5
1.6 – 6.4
4.8 – 11.1
7.5 – 12.0 
9.0 – 15.0

12.7 – 19.8

Sleeve 
length

l +0.4 -0.2

[mm]

8.0
11.0
7.0
10.0
12.7
17.0
10.3
15.0
16.9
19.5
24.8

ø
dk ±0.25

[mm]

6.4
6.4
7.9
7.9
7.9
7.9
9.8
9.8
9.8
9.8
9.8

Height 
k ±0.1

[mm]

0.95
0.95
1.20
1.20
1.20
1.20
1.45
1.45
1.45
1.45
1.45

Mandrel
ø

dm nom

[mm]

1.8
1.8
2.2
2.2
2.2
2.2
2.8
2.8
2.8
2.8
2.8

Shear
[N]

700
700
1100
1100
1100
1100
1500
1500
1500
1500
1500

Tensile
[N]

1000
1000
1700
1700
1700
1700
2300
2300
2300
2300
2300

We reserve the right to amend specifications at any time.

TIFAS® multigrip blind rivets

1 Minimum based on rivet failure
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Nominal size 4.0 mm with stainless steel mandrel e.g. Part No. 423 232 on request.

We reserve the right to amend specifications at any time.

Part No.

423 132
423 150
423 152
423 154

Nominal
size-ø

d
[mm]

4.0
4.8

Hole-ø

[mm]

4.1 – 4.2
4.9 – 5.1

Head Strength1

nominal

Large dome head

Material

Sleeve
Aluminium AlMg 2/2.5

Mandrel 
Steel zinc

Grip range
s

[mm]

3.2 – 7.9
1.6 – 6.4
6.4 – 12.7
12.0 – 20.0

Sleeve 
length

l +0.4 -0.2

[mm]

11.1
10.0
16.0
24.8

ø
dk ±0.3

[mm]

11.0
16.0
16.0
16.0

Height 
k ±0.15

[mm]

1.5
1.8
1.8
1.8

Mandrel
ø

dm nom

[mm]

2.2
2.8
2.8
2.8

Shear
[N]

1100
1500
1500
1500

Tensile
[N]

1700
2300
2300
2300

TIFAS® multigrip blind rivets

1 Minimum based on rivet failure
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Countersunk head 120°

Material

Sleeve
Aluminium AlMg 2/2.5

Mandrel 
Steel zinc

Part No.

422 140
422 142

Strength1

nominal
HeadNominal

size-ø
d

[mm]

4.8

Grip range
s

[mm]

3.2 – 7.9
6.4 – 12.7

ø
dk ±0.15

[mm]

8.8
8.8

Height 
k ±0.1

[mm]

1.35
1.35

Sleeve 
length

l +0.4 -0.2

[mm]

12.1
16.9

Hole-ø

[mm]

4.9 – 5.0

Shear
[N]

1500
1500

Tensile
[N]

2300
2300

Mandrel
ø

dm nom

[mm]

2.8
2.8

1 Minimum based on rivet failure

We reserve the right to amend specifications at any time.

TIFAS® multigrip blind rivets
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Part No.

421 221
421 230
421 232
421 233
421 243
421 244

Nominal
size-ø

d
[mm]

3.2
4.0

4.8

Hole-ø

[mm]

3.3 – 3.4
4.1 – 4.2

4.9 – 5.0

Head Strength1

nominal

Dome head

Material

Sleeve
Aluminium AlMg 2/2.5

Mandrel 
Stainless steel AlSI 434
1.4113

Grip range
s

[mm]

0.8 – 4.8
1.3 – 6.3
4.5 – 8.5
6.4 – 13.0
1.6 – 6.3
4.8 – 11.1

Sleeve 
length

l +0.4 -0.2

[mm]

8.0
9.5
12.7
16.9
10.3
15.1

ø
dk ±0.25

[mm]

6.4
7.9
7.9
7.9
9.8
9.8

Height 
k ±0.1

[mm]

0.95
1.20
1.20
1.20
1.45
1.45

Mandrel
ø

dm nom

[mm]

1.8
2.2
2.2
2.2
2.8
2.8

Shear
[N]

700
1100
1100 
1100 
1500
1500

Tensile
[N]

1000
1700
1700 
1700 
2300
2300

TIFAS® multigrip blind rivets

We reserve the right to amend specifications at any time.

1 Minimum based on rivet failure
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Dome head

Material

Sleeve
Stainless steel AISI 304

Mandrel 
Stainless steel AISI 434

Other types on request.

We reserve the right to amend specifications at any time.

Part No.

421 741
421 742

Strength1

nominal
HeadNominal

size-ø
d

[mm]

4.8

Grip range
s

[mm]

1.5 – 6.0
2.5 – 7.5

ø
dk ±0.25

[mm]

9.8
9.8

Height 
k ±0.25

[mm]

1.85
1.85

Sleeve 
length

l +0.4 -0.2

[mm]

10.3
12.7

Hole-ø

[mm]

4.9 – 5.0

Shear
[N]

6475
6475

Tensile
[N]

5003
5003

Mandrel 
ø

dm nom

[mm]

3.4
3.4

TIFAS® multigrip blind rivets

1 Minimum based on rivet failure



47

Materials designed to improve

TEPEX® dynalite Glas/PA-RG600(x)/47%: 

Symbol Einheit Bezeichnung Wert Prüfnorm 
E1 [GPa] E-Modul in Kettrichtung 23,65 DIN EN ISO 527-4
E2 [GPa] E-Modul in Schussrichtung  23,43 DIN EN ISO 527-4
E3 [GPa] E-Modul in Dickenrichtung 5,4a - 
G12  [GPa] Schubmodul k/s 3,1 DIN EN ISO 14129
G13 [GPa] Schubmodul k/z 2,1b - 
G23 [GPa] Schubmodul s/z 2,1c - 

12 [-] Querkontraktionszahl k/s 0,16 DIN EN ISO 527-4
13 [-] Querkontraktionszahl k/z ** - 
23 [-] Querkontraktionszahl s/z ** - 

     
Rz

1 [MPa] Zugfestigkeit in Kettrichtung 472 DIN EN ISO 527-4
Rd

1 [MPa] Druckfestigkeit in Kettrichtung 250*** DIN 65380 
Rz

2 [MPa] Zugfestigkeit in Schussrichtung 425 DIN EN ISO 527-4
Rd

2 [MPa] Druckfestigkeit in Schussrichtung  280*** DIN 65380 
Rz

3 [MPa] Zugfestigkeit in Dickenrichtung 63d - 
Rd

3 [MPa] Druckfestigkeit in Dickenrichtung 63e - 
R12 [MPa] Scherfestigkeit k/s 91 DIN EN ISO 14129
R13 [MPa] Scherfestigkeit k/z 47f - 
R23 [MPa] Scherfestigkeit s/z 47g - 
1 = Kettrichtung (k); 2 = Schussrichtung (s); 3 = Dickenrichtung (z) 
 
*** = Diese Werte sind extrem schwer experimentell zu ermitteln, da Knickgefahr während 
der Versuche. Reale Werte müssen deutlich höher sein. 

a berechnet mit:
2
m

m*
m

f

*
m25,1

2
*
m3 1

EE

E
E1

85,01EE

b berechnet mit:

f

m25,1
m13

G
G1

6,01GG

c berechnet mit:

f

m25,1
m23

G
G1

6,01
GG

d berechnet mit:
quer,f

mz
m

z
3 E

E11RR

e berechnet mit:
quer,f

md
m

d
3 E

E11RR

f berechnet mit:
f

ms
m13 G

G11RR

g berechnet mit:
f

ms
m23 G

G11RR

** ergibt sich aus Schubmodul und E-Modul
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 2 

Materials designed to improve
 

Glass PA
E1
E-Modul in
Hauptrichtung

[N/mm2]

73.000
(nicht erforderlich)

3000
(nicht erforderlich)

E2
E-Modul quer zur 
Hauptrichtung

[N/mm2]

73.000 3000

G
Schubmodul

[N/mm2]
30.000 735

( =0,36)

12
Querkontraktion

[-]
0,22 0,36

R3
z

Zugfestigkeit in 
Dickenrichtung

[N/mm2]

80

R3
d

Druckfestigkeit in 
Dickenrichtung

[N/mm2]

80

Rs

Scherfestigkeit
60

 
 
Die obigen Angaben gelten für einen Faservolumenanteil von 47%. Für andere Glasgehalte 
schlagen wir ein Hoch- bzw. Runterrechnen mit folgenden Gleichungen vor: 
 
Module: 
 

MatrixGlasFaserGlas GEGExGE ,1,,  
 
Festigkeiten: 
 

FaserGlas RxR  
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