
STAPLES



1800- pre war
Coal extracted by pick & shovel

Post Second World War
Hydraulics used in mines for control systems
1946 Kelle Patents first Staple based on 12 Mpa (1750 psi)

1950’s – 1970’s
Development of low seam Longwall type mining, using 6 leg supports
Staple technology (Stecko) adopted in longwalls

1970’s – 1990’s
Roof support designs improved to 4 & 2 leg shields
1979 Greenwalt Patents ‘D’ section staple
Hydraulic pressure increased from 20 Mpa (3000 psi) to 35 Mpa (5000 psi)
1988 Hinksman Patents ‘Super Stecko’
In-bye Pantec / main gate drives increase pump flow requirements
Guaranteed set at 42 Mpa (6000 psi)

1990’s to date
Electro- hydraulic controls
Out-bye pump stations + Monorails (increased flow)
Yield valve pressures raised to 52 Mpa (7500 psi)
DN63, 35 Mpa (5000 psi) Monorail supply



Known Staple limitations
FEA & FMEA

Deformation                                             FOS
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Working 
Pressure 
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Pressure 
(bar)

FOS

BS 6537 
SQUARE SPRING 10 38 19 14 12.5 22.9 3 3.93

4.07 NA 4 10º  8º  380 1140 3:1
BS 6537 

SQUARE S/S 10 41 26 14 13 25 3 3.93
4.07 NA 2.5 15º  20º  380 1140 3:1

BS 6537 
ROUND S/S 10 37 18 14 11.8 24.2 3 NA 4.78

4.72 NA 20º  10º  380 1140 3:1
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SAE J1467 10 NA NA NA NA NA NA 4.07
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4.78
4.72 NA NA NA
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530 1320 2.5:1

DIN 20043 10 38 26 14 12.5 22.9 3 4 NA - NA NA

Material

070A72 heat treat to 
45+/-5 HRC,  UTS 
1480 to 1520 Mpa

420S37,           
UTS 700 to 850 Mpa

UTS 700 to 850 Mpa

Corrosion resistant 
Steel or Spring steel

Not specifiedNot specified

Spring steel        
DIN EN 10270-1 S/S 
to DIN EN 10083-1 

or 1.4310

Not specified



Recognized as major problem (particularly when mixing 4 known staple lock standards, SAE, DIN, BS & NCB )

Staple walk-out also prevalent with mixed source Super staple lock, as there are no standards.

(Retention methods being used: Kinked leg, 'R' clips, Wire ties, Ratchet leg, Bands, Clamps etc)

Staple retention (Walk-out)

Staple End view
Retention



35 MPa Staple standard
PROPOSED ISO SUBMISSION Based on DIN 20043 / SAE 1467 / NCB 638 / BS 6537

350 bar Staple-lok fittings for hydraulic power-transmission circuits, primarily used in 
mining applications.

Forward:
This proposed standard applies to staple-lok fittings and adaptors, which are used to 

connect hydraulic fluid based systems. The proposed standard seeks to clarify 
minimum material and dimensional requirements for a 350 bar connection, 
whilst maintaining a 4:1 factor of safety. 

The proposed standard defines
minimum working pressure of the assembled fitting (including its staple) 
relevant testing and conformance standards
arrangement of components & their individual dimensions
material specifications for the components
corrosion resistance of metal components
identification
minimum burst pressure 
impulse requirements of the assembled fitting
Section 1/. Minimum working pressure
Table 1 Minimum working pressure of the assembled staple-lok fitting 

based on 4:1 FOS per ISO 7751



Cyclical testing
• Objective to create Sn curve        

(Pressure vs cycles to 106)
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Do’s +Don’ts for Staples
Based on metallurgical evaluation

Do’s
• Understand cyclical demand
• Use staples once ONLY
• Obtain a Certificate of Conformance

Don’ts
• Mix & match standards 
• Hardness >48 HRC
• Electroplated (Hydrogen embrittlement)

• 304 Stainless (sulphur resistance)

• Barbed legs (broaching female)

• Stamp legs



Alternatives

Clip-lok
Patented







KEY

KEY

KEY



Longwall hydraulic 
incidents

255 reports over 8 years               
C.M.S. Insurance NSW

159 hydraulic hose or fitting failures 
(54 of which were fitting related)

3 of these were fatalities
Gretley – Shield cylinder Intensification (fluid Injection)
South Coast – LHD Accumulator fitting failure (fluid Injection)
Angus Place – Pump station, disconnect under pressure (fluid Injection)



Hose Sleeve



Close-up view on the Hose Sleeve 
Ø0.8 mm pin hole damage



Summary

• Audit existing staples (per DPI safety Alert SA06-18) 

• Do not mix 4 known staple standards

• Support 350 bar Staple standard 

• Sleeve, provides some protection from hose 
failures



Thank You!


