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Overview

In the modern economy, end users are looking for reliable and safe products to improve processes and alleviate workers of
problems which may arise with their steam systems. There are a number of key characteristics desirable in a hose made for steam
applications. Among these are hose construction, burst pressure, steam exposure endurance i.e. resistance to pinholes, blisters, and

cracks, as well as post steam exposure burst pressure.

In this benchmark study, three Continental steam hoses, Flexsteel 250 Steam Hose, Flexsteel 250 EPDM-20 and Flexsteel 250
CB Steam, were tested against ten other competitive hose samples. These samples came from Goodall Canada, Eaton/Boston,
Parker, Gates, and Buchanan. Based on this comparative testing, all three Flexsteel 250 steam models have high performance
values, with the Continental Flexsteel 250 EPDM-20 outperformed ALL hoses in this test.

(Ontinental™ FLEXSTEEL 250 EPDM-20 STEAM MAX W.P. 250 PSI




SELLING POINTS OF REVIEWED CONTINENTAL FLEXSTEEL 250 STEAM HOSE MODELS:

Flexsteel 250 Steam (model 539-076-024)

Flexsteel 250 steam hose (EPDM) did well in both initial and after steam rack burst test, outperforming or testing comparable to
most of the competitors.

Flexsteel 250 outperforms all competitors with its light weight and optimal dimensions.

Flexsteel 250 is offered with Continental verified over the cover crimp coupling solution. This solution provides a secure, leak free
environment for workers, as well as an effective way to save money for companies.

Well established specification with decades of excellent performance history.

Flexsteel 250 EPDM 20:1 (model 539486024)

Outperformed all competitor samples in initial and after steam rack test burst, thus providing workers with the safety level extended
to double the ARPM standard 10:1 safety factor.

Despite its superior burst performance, hose is still light weight and dimensionally compact among all competitive samples.
Flexsteel 250 EPDM-20 has Continental verified over the cover crimped coupling solution, tested to the meet hose 20:1 pressure
safety rating.

Flexsteel 250 CB model 539176024

This model is the only hose with pure Chlorobutyl tube out of five tested that successfully passed the steam endurance test
Hose outperformed its direct competitors Goodall Dante and Eaton Steam Slayer in both initial and after steam rack burst testing.



OVERVIEW OF SAMPLE HOSES

Sample hoses are constructed with various tube compounds using Chlorobutyl, Chlorobutyl blend, Butyl or EPDM compounds.
All comply with standard steam hose requirements for pressure and temperature ratings. The following analysis compares how each
hose is constructed, what they are made of, and how the samples fared in side-by-side testing. Each hose was subjected to the same
set of tests and analysis. The results of these tests will be indicated in tables found throughout the body of the report.

Hose Construction

HOSE TYPE AND SIZE:

Twelve different steam hoses were:

Continental Flexsteel® 250: 34" red, smooth cover (model 539-076-024)

Continental Flexsteel® 250 EPDM-20: 34" red, wrapped cover with black spiral (model 539-486-024)
Continental Flexsteel® 250 CB: 34” red, wrapped cover with yellow stripe (model 539-176-024)
Goodall Dante (Canada): 34" red, wrapped cover with black spiral (model “Dante” N2069)
Goodall Inferno (Canada): 34" red, wrapped cover with yellow spiral (model N2711)

Eaton Concord Standard Steam: 34” black and red spiral wrapped cover (model HO08412)
Eaton Concord Steam Slayer: 34” black, wrapped cover with red spiral (model EHO8412)
Parker Steam Lance 250 : 34" red wrapped cover (model 7264)

Parker Dragon Breath Butyl : 34” black wrapped cover (model 7286)

10 Parker Dragon Breath No-Skive E-Z Crimp : 34” black wrapped cover (model 7286C)

11.Parker Dragon Breath 250 : 34” red wrapped cover (model 7288)

12.Gates Plant Master Steam Plus 250: 1” red wrapped cover (model 3602-1057)

13.Buchanan: 34” red CB wrapped cover (model ST250CB-075)
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SAFETY FACTOR: All steam hoses are manufactured to meet the ARPM recommended safety design factor 10:1, with the exception
of Continental Flexsteel 250 EPDM-20 model 539486024, which is designed to provide 20:1 safety factor.



APLICATION: Table 1.1 shows the comparative description of each hose tested in this benchmark study. All thirteen hose samples were
manufactured as steam hoses using various manufacturing methods. All hoses are rated for 250 psi (17 bars) and meet a working

temperature requirement of 406 °F.
Flexsteel Flexsteel Steam Dragon Dragon Dragon Plant
TABLE 1.1 Flegggeel 250 250 Dante Inferno Cogggrd glt:ag; Lance Breath Breath Breath '\gg s;;r 28;8%%
EPDM-20 CB y 250 Butyl E-Z Crimp 250 Plus
Comparative
Description 539070024 | 539486024 | 539176024 N2069 N2711 H008412 EH08412 7264 7286 7286C 7288 3602-1057 ST250CB
Manufacturer Continental | Continental | Continental Goodall Goodall Eaton Eaton Parker Parker Parker Parker Gates Buchanan
Country of Origin USA USA USA Canada Canada Unknown USA Unknown Unknown Unknown Unknown Unknown Unknown
Hose Type Steam Steam Steam Steam Steam Steam Steam Steam Steam Steam Steam Steam Steam
WP (psi) 250 250 250 250 250 250 250 250 250 250 250 250 250
Temperature (°F) | -40F/ +450F | -40F/ +450F | -40F/ +425F | -40F/ +450F | -40F/ +450F +450F -40F/+407F* | -20F / 406F* OF / +406F* | -20F/ 406F* -20F/+406F* +450F -40F/ 406F
Application Multiple Multiple Multiple Multiple Multiple Multiple Multiple Multiple Multiple Multiple Multiple Multiple Multiple
Design Ratio . . . Not Not . . . . . . . .
(Safety Factor) 10:1 20:1 10:1 published published 10:1 10:1 10:1 10:1 10:1 10:1 10:1 10:1
Co ngrz?:ti on Extruded Extruded Extruded Extruded Extruded Extruded Extruded Extruded Extruded Extruded Extruded Extruded Extruded
Rgﬂg{ﬁ,i?;?t Braided Braided Braided Braided Braided Braided Braided Braided Braided Braided Braided Braided Braided
Cover
Construction Smooth Wrap Wrap Wrap Wrap Wrap Wrap Wrap Wrap Wrap Wrap Wrap Wrap
Cover Color Red Red Red Red Red Black Black Red Black Black Red Red Red
Branding type Embossed Printed Printed Embossed | Embossed | Embossed | Embossed | Embossed Embossed Embossed Embossed Printed Printed
Stripe N/A Black YeI'Iow Blgck YeI_Iow Red R(_ed No No No No Bla_lck YeI'Iow
spiral stripe spiral spiral stripe stripe stripe stripe
Manufacturing 2800 3110 2180 MFRC-09- | MFRC-10- 05609 24610 o7V 02V 0310 03V 2837 not
Date Code 01 01 available
Tube Polymer EPDM EPDM CB CB blend CB CB ble?lged EPDM Butyl CB EPDM EPDM CB
Cover Polymer EPDM EPDM EPDM EPDM EPDM EPDM EPDM EPDM Butyl EPDM Neoprene Unknown EPDM
Permanent crimp Yes Yes No No No No No Yes Yes Yes Yes Yes No
coupling solution No-skive No-skive skived skived No-skive skived No-skive

*  450F for superheated steam




TUBE, COVER, REINFORCEMENT: Table 1.1 also compares how each hose is constructed. The thirteen samples are similar in a way that
they all have a tube, two wire braid reinforcement, and a cover. The samples are also different in several ways, such as tube and cover
compounds, cover finish (smooth or wrap) cover colors (black or red) and type of branding application (embossed or transfer tape)

* CONTINENTAL Flexsteel 250 and Flexsteel 250 EPDM-20, Parker Steam Lance 7264, Parker 7288, and Gates Plant Master Steam
Plus have an EPDM tube.

* CONTINENTAL Flexsteel 250 CB, Goodall Inferno N2711, Eaton Concord 250 HO08412, Parker Dragon Breath 7286C, and
Buchanan Steam 250 CB have a Chlorobutyl tube.

e Goodall Dante N2069 has a Chlorobutyl blend tube

e Eaton Steam Slayer has a Chlorobutyl tube.

* Most samples have EPDM cover compounds, exceptions include Parker Dragon Breath Butyl 7286 with Butyl and Parker Dragon
Breath 7288 with Neoprene

e Gates Plant Master Steam Plus cover type is not published.

HOSE COVER BRANDING:

Table 1.2 compares how each hose is branded and what information is provided by different manufacturers. All samples are
similar in that they all print the hose model name or number and hose application and maximum working pressure.

The samples differ in the following ways:
* Only Continental and Eaton Steam Slayer hoses print the country of origin
* Only Gates hose is printed with “FOR STEAM USE ONLY”
e Gates and Goodall models were printed with “CAUTION TIGHTEN CLAMPS BEFORE USING”
e Only Goodall models were printed with “MADE IN CANADA 10001 REFER TO INDUSTRY RECOMMENDATIONS FOR PROPER CARE”
* Only Eaton hoses are printed with “DO NOT USE DAMAGED HOSE”
e Only Buchanan hose is printed with “DRAIN AFTER USE”
e Gates and Eaton hoses are printed with hose size
e Continental Flexsteel 250 EPDM-20 539486024 & Flexsteel 250 CB 539176024, Parker 7286 and 7286C, and Buchanan ST250CB
models are printed with the tube material
* Only Continental Flexsteel 250 EPDM-20 539486024 is printed with the hose safety design factor

e All samples except for Buchanan are printed with the manufacturing date codes using Julian date code (CONTINENTAL), quarterly
date codes (Eaton) or their own codes such on Parker hoses



TABLE 1.2

Hose Branding

539070024 CONTINENTAL FLEXSTEEL® 250 STEAM 250 PSI MAX W.P. MADE IN USA  (JDC)
539486024 CONTINENTAL FLEXSTEEL® 250 EPDM-20 STEAM 250 PSI MAX W.P. MADE IN USA (JDC)
539176024 CONTINENTAL FLEXSTEEL® 250 CB STEAM 250 PSI MAX W.P. MADE IN USA  (JDC)
N2069 GOODALL N2069 DANTE STEAM 250 PSI MAX W.P. 450F MAX TEMP. CAUTION TIGHTEN CLAMPS BEFORE USING MADE IN CANADA 10001 REFER TO
INDUSTRY RECOMMENDATIONS FOR PROPER CARE MFR C-09-01
N2711 GOODALL N2711 INFERNO STEAM 250 PSI MAX W.P. 450F MAX TEMP. CAUTION TIGHTEN CLAMPS BEFORE USING MADE IN CANADA 10001 REFER TO
INDUSTRY RECOMMENDATIONS FOR PROPER CARE MFR C-10-01
H008412 EATON CONCORD STANDARD STEAM H008412 3/4" (19.1mm) 250Psi (1.7 MPA) WP (1Q09) USA DO NOT USE DAMAGED HOSE 2147600 05609
EH08412 EATON STEAM SLAYER EH08412 3/4" (19.1mm) 250Psi (17 Bar) WP (3Q10) MADE IN U.S.A/-/ DO NOT USE DAMAGED HOSE 2450859 24610
7264 PARKER USA 7264 STEAM LANCE® 07V B5 250 PSI MAX WP
7286 PARKER USA 7286 DRAGON BREATH® BUTYL STEAM 250 PSI MAX WP 02V B5
7286C PARKER USA 7286C DRAGON BREATH® EZ CRIMP BUTYL STEAM 250 PSI MAX WP 2G 0810
7288 PARKER USA 7288 DRAGON BREATH® 03V B5 250 PSI MAX WP
3602-1057 GATES PLANT MASTER® STEAM PLUS 250 1” (25.4mm) 250 PSI AT 450 DEGREES F (17 Bar) CAUTION: rir2n cLavibs seront Using
ST250CB CB 250 CLOROBUTYL STEAM HOSE DRAIN AFTER USE

COMPARATIVE MEASUREMENTS:

Table 1.3 shows how the hose samples match up in terms of comparative measurements, such as ID and OD. While the braid
configurations are different, all samples had two layers of wire reinforcement. It should be noted that given reinforcement wire gauges
(ODs) are rounded to the nearest thousandths for the actual wire measurements.

Plant

Flexsteel Flexsteel Steam Dragon Dragon Dragon Steam
TABLE 1.3 Fleggtoeel 250 250 Dante Inferno Cogggrd gltsa;? Lance Breath Breath Breath ’\SAIZ s;;r 250

EPDM-20 CB 4 250 Butyl E-Z Crimp 250 Plus* CB
Comparative
measurement 539070024 | 539486024 | 539176024 N2069 N2711 H008412 | EH08412 7264 7286 7286C 7288 3602-1057 | ST250CB
Manufacturer Continental | Continental | Continental | Goodall Goodall Eaton Eaton Parker Parker Parker Parker Gates Buchanan

ID (in) 0.775 0.780 0.76 0.733 0.750 0.774 0.775 .749 0.780 0.758 0.760 1.012 0.763

Braid OD(in) 1.132 1.131 1.196 1.186 1.120 1.201 1.158 1.179 1.153 1.050 1.170 1.414 1.066
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OD (in) 1.270 1.246 1.337 1.349 1.300 1.379 1.325 1.360 1.390 1.230 1.370 1.551 1.281
Hose Wall Thickness (in) 0.248 0.233 0.260 0.308 0.275 0.303 0.275 0.306 0.305 0.236 0.305 0.270 0.259
Weg;;ﬂ)bgs/ft) 0.550 0.590 0.640 0.670 0.540 0.780 0.630 0.660 0.690 0.460 0.730 0.730 0.480
Min Bend Radius(inch) N/A N/A N/A 4.5 4.0 N/A 9.5 9.5 9.5 9.5 9.5 11.0 N/A
Wire Type: Carbon Yes Yes Yes Yes Yes Yes** Yes Yes Yes Yes *** Yes Yes Yes
Steel, Brass Plated
Carriers 36 36 36 24 24 24 24 24 24 24 24 24 24
# of braid layers 2 2 2 2 2 2 2 2 2 2 2 2 2
# of wire ends 6+2 10+3 6+2 6+4 4+3 8+6 8+5 8+5 8+5 10+3 8+5 10+3 4+4
Wire gauge, (in) 0.012 0.013/0.012 0.012 0.012 0.012 0.011 0.011 0.012 0.012 0.010 0.012 0.010 0.012
* Gates Plant Master Steam Plus Hose is the only 1” hose tested, so data should be used for reference only
** Wire reinforcement equipped with two stainless steel static wires, wrapped around second braid layer. LEGEND
*** Second braid wire reinforcement layer is stainless steel.
0 Indicates a value of 0 zero value is better

Indicates a higher value is better

Indicates a lower value is better




COMPARATIVE MEASUREMENTS SUMMARY:

* Parker model 7286 had the largest OD at 1.390”

* Continental Flexsteel 250 EPDM-20 had the smallest OD at 1.246”

¢ Goodall Dante had the thickest hose wall at 0.308”

e Continental Flexsteel 250 EPDM-20 had the least wall thickness at 0.233”

e Based on catalog specifications, the Eaton/Boston Concord 250 hose was the heaviest at 0.780 Ibs/ft, while the Parker 7286C
sample was the lightest at 0.460Ibs/ft.

* Only Continental hoses are braided on 36 carrier equipment, rest of the samples were braided on 24 carriers

e Goodall Inferno with 7 ends of 12 gauge wires in two braid layers and Buchanan ST250CB with a total of 8 ends of 12 gauge
wires were the two least reinforced hose carcass samples among the thirteen reviewed samples.

e Parker Dragon Breath E-Z Crimp model 7286C and Gates Plant Master Steam Plus hoses are the only samples using 10 gauge
wire (smallest gauge)

* Only the Eaton/Boston Concord 250 sample had an impregnated into the hose static wire. In my opinion, this value-added
feature was chosen to insure ARPM requirement for steam hose conductivity as this model has no released bite to the wire
crimp coupling solution that provides such assurance.

» Parker 7286C model is the only hose that utilizes stainless steel wire in its second reinforcement layer. If the hose design intent
was to develop a corrosion resistant carcass, then it does not make much sense, as this pinpricked hose has a standard carbon
steel wire in its first reinforcement layer.

e Goodall, Parker, and Gates publish hose minimum bend radius in their literature. Eaton lists a minimum bend radius for only
one out of two reviewed here. The Continental and Buchanan do not provide bend radius informationi.

1 The CONTINENTAL stand point on the subject is complete understanding of the importance of hose minimum bend radius and its affect on hose service life. Competitors in this bench mark test do not
reference the test methods used to validate specifications listed in their literature. Test methodology can make a big difference in how bend radius is measured In an absence of a national standard for
steam hose, there are no other sources to review hose design besides ARPM IP-11-1 and MIL DTL-29210E, but both do not specify minimum bend radius as a qualification requirement. There is the
International ISO 6134 steam hose standard, who specify minimum bend radius; however neither the Parker nor Eaton models meet the requirement of 190mm for 34” (19mm) hose.

Table 1 — Diameters, thickness and bend radii

Dimensions in millimetres

Internal diameter Outside diameter Thickness min. Bend radius min.
Deviation Deviation Lining Cover
limits limits
9,5 +0,5 215 +1,0 2,0 1,5 120
13 £0,5 25 1,0 25 1.5 130
16 +0,5 30 +1,0 25 15 160
18 +0,5 33 +1,0 25 1.5 190

Goodall catalog lists minimum bend radii for Dante and Inferno as 4.5” and 4.0” which are twice as tight as indicated in the ISO 6130 specification. This is very suspicious based on hose construction.
For the above reasons, and in order to not provide confusing information to our customers, CONTINENTAL has chosen not to publish minimum bend radios for its steam hose specifications.



Hose Testing

Table 1.4 below shows how comparative measurements given above translated into physical attributes.

Plant

Flexsteel Flexsteel Flexsteel Steam Dragon Dragon Dragon Master Steam
TABLE 1.4 250 250 250 Dante Inferno Concord Steam Lance Breath Breath Breath Steam 250
EPDM-20 CB 250 Slayer 250 Butyl E-Z Crimp 250 Plus* CB
Comparative
measurement 539070024 | 539486024 | 539176024 N2069 N2711 H008412 | EH08412 7264 7286 7286C 7288 3602-1057 | ST250CB
Manufacturer Continental | Continental | Continental | Goodall Goodall Eaton Eaton Parker Parker Parker Parker Gates Buchanan
Burst Pressure 4,704 7,726 5,318 4,424 2,846 5,237 4,210 6,026 5,780 5,294 6,096 3,657 1,990
Elongation 0% 0% +1% -1% -2% -1.5% +1% +0.5% +0.5% +0.5% 0% -1.5% 0%
Cover Adhesion (Lbs) 25 23 30 ST 25.5ST 40+ST 29 17 ST 25.5 40+ ST 26.5 23 16 ST 32 ST

* Gates Plant Master Steam Plus Hose is the only 1” hose tested, so data should be used for reference only

Hose Testing Summary:

¢ Flexsteel 250 EPDM-20 had an initial burst of 7,726 psi, the highest burst result among all samples.
e Parker model 7288 had the highest initial burst at 6,096 psi among samples rated to 10:1 safety factor

e Goodall Inferno model N2711 tested with the lowest passing result of initial burst of 2,846 psi

e Buchanan ST250CB is the only sample that failed the 2,500 psi minimum initial burst test at 1,990 psi

e The least reinforced hoses Goodall Inferno and Buchanan are the good examples of how comparative measurements translate
into physical properties, since both samples scored low on initial burst pressure test.

e Steam Slayer had initial burst of 4,390 psi. The hose burst did not occur with a wall rupture; instead the hose reached 4,390 psi
& started leaking through the perforation holes. The dissected hose tube was examined and pinholes were found in the tube

(refer to image below).
¢ All specimens passed the cover adhesion test, with at least 16 pounds of stock tear (ST).

¢ All samples tested within acceptable range of length change of -4% to +2%




Steam Endurance Testing:

An approximately 25” long sample piece of each hose was coupled with Campbell or Dixon bolt-on clamp style fittings with
recommended torques, the Gates hose was crimped on both ends. As hoses became available for the test, samples were installed on
the steam rack, testing in groups of up to six assemblies at a time.

In absence of National Steam Hose Standard, CONTINENTAL developed an internal steam endurance test set up to 1000 hours
at 250 psi and 406°F. The test runs a 23 %2 hour steam cycle with a 30 minute cool down period after each cycle. The hose
assemblies were visually inspected at intervals over the 1000 hour time period2.

STEAM RACK TEST CABINETS
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2 |t should be noted, that Eaton claims that their newly released Steam Slayer model lasts over 2,000 hrs of steam resistance test. However, no description of the steam test or post steam testing hose
performance validation is provided.
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STEAM RACK TESTING SUMMARY:

The following samples suffered a rupture in the hose, began leaking, and were removed from the rack:
Eaton Concord 250 HO08412 at 225 hours

Concord Standard Steam & Concord
Standard Steam-Spiral Stripe

EATON®

CONCORD STANDARD STEAM HOSE

Tube: Patrex {Chicrobutyl)
Reinforcement: Wire, Z Braid,
Wires

Cover: EFDM/Pinpricked

Color: Biack (BK), Black and Rad Stripe [RD) Clamps—

Temperature Range: +450°F

Type Of Branding: Embosse

2 Stainless Steel Static Working Pressure: 250 psi ([
10:7 Safe

Type Of Coupling: [nteriocki 4 EXCe”ent heat reS|StanCe

Features: Advantages: Markats:

= EPDM cover + Heat, age, ozone and = o#Ermical/Petrolaum

= Patrex [Chicrobutyl) tube ihares industry

s Continuous Embossad = Excellent heat resistance | < Industrial cleaning
brand and date code + Handles most steam | markets

Buchanan ST250CB at 250

hours

Parker Dragon Breath E-Z Crimp 7286C at 807 hours

DRAGON EREATH® Chiorobutyl Compact
Steam Hose Non-Skive E-Z Crimp

Series 7286C is a compact, slim profile hose designed for long-lasting steam service—one of
where the hot-cold/wet-dry cycling attacks rubber compounds externally as well
premium, high-performance chiorobutyl in both the tube and the cover, providing extreme heat resistance |durability, performance
and service life. The wire braid reinforcement provides crush-resistant durability, to conduct a static
electrical charge to ground, and the cover resists abrasion, cracking, hardening and ozone. ‘Series 7286C is qualified with Parker
non-skive crimp couplings for easy and quick assembly fabrication as well as maintenance-free service.

£ toughest applications for hose,
as internaily 7The hose construction incorporates

e Goodall Inferno N2711 at 939 hours

e Gates Plant Master Steam Plus developed blisters at 375 hours and removed from the steam rack at 440 hours due to leaks.
¢ The other eight samples made it to the 1,000 hour mark and received a passing test result for not leaking during the endurance

test.



The Next three pages contain pictures of failed and removed hoses from the steam rack, as well as pictures of failure analyses
performed on them. Based on the visual examination of dissected samples, it was revealed that the cause of failure for the Eaton
Concord 250 was a cracked tube; the other three samples, Buchanan ST250CB, Parker Dragon Breath E-Z Crimp 7286C and
Goodall Inferno all failed due to multiple pinholes in tube.
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Eaton/Boston H008412
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Eaton/Boston H008412

Parker 7286C

»
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Goodall N2711 - — P 7286C / pinholes
. pinholes ; . :
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*| Eaton/Boston H008412 / tube crack

Buchanan ST250CB / pinholes
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It is important to note that the temperature the covers are exposed to while on the steam rack hovered around 160°F. The steam rack
is an enclosed structure without much ventilation and any heat lost through the cover would not be allowed to exit the test chamber. The
higher temperatures in the steam rack enclosure could be the main cause of the majority of the cracks in these hose covers. For that
very reason, cover cracks were disregarded and not counted against samples.

Upon steam rack test completion, all assemblies were removed and brought back to the main lab for further analysis. First, all
specimens were subjected to a bending test. Removed samples that stayed on for the full 2000 hours were bent over a mandrel with
radius of 20” to see if they would crack. All eight samples failed, cracking in multiple places. Table 1.3 summarizes these results.
Again, these cracks may be the result of a “baking” effect caused by high steam cabinet temperatures (~160° F). This statement is
supported the absence of such severe heat age effect observed on CONTINENTAL Flexsteel 250 steam hoses in field service
conditions.

POST STEAM RACK BURST TESTING:

This test was performed to evaluate how well the internal structure of each hose maintained integrity after the steam endurance
test. All samples needed to burst above 2500 psi (10X working pressure of 250 psi) except for the CONTINENTAL 539486024 EPDM-
20 model that is required to burst above 5000 psi to meet the 20:1 safety factor. In order to perform this test, all samples were re-
coupled with over the cover Campbell crimp fittings.

e CONTINENTAL Flexsteel 250 model 539076024 burst at 4,164 psi

e CONTINENTAL Flexsteel 250 EPDM-20 model 539466024 burst at 7,744 psi

e CONTINENTAL Flexsteel 250 CB model 539176024 burst at 4,616 psi

¢ Goodall Dante burst at the middle of the hose at 3,350 psi

e Parker Dragon Breath 7286, was pressurized to 2,750 psi but could not be burst due leaks through the cover perforation holes,
the hose was dissected & tube was examined and multiple pinholes were found. Pressure had dropped to 1,538 psi when
sample was removed from burst table. (refer to pictures below)

e Parker Steam Lance 7264 burst at 6,058 psi

e Parker Dragon Breath 7288 burst at 5,800 psi

e Eaton Steam Slayer burst at 4,390 psi

e Goodall Inferno, Eaton Concord 250, Parker Dragon Breath E-Z Crimp, Gates Plant Master Steam Plus, and Buchanan ST250CB
could not be tested due to steam rack failures before reaching 1000 hours

15
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*Pictures of Parker 7286C post steam rack test

Table 1.5 summarizes the results of the steam endurance test and water burst table.

Flexsteel Flexsteel Flexsteel Steam Dragon Dragon Dragon I\/T:E?ér Steam
TABLE 1.5 250 250 250 Dante Inferno Concord Steam Lance Breath Breath Breath Steam 250
EPDM-20 CB 250 Slayer 250 Butyl E-Z Crimp 250 Plus CB
Comparative
measurement 539070024 | 539486024 | 539176024 | N2069 N2711 HO008412 | EH08412 7264 7286 7286C 7288 3602-1057 | ST250CB
Manufacturer Veyance Veyance Veyance Goodall Goodall Eaton Eaton Parker Parker Parker Parker Gates Buchanan
Steam Rack
250psi/406°/1000hr Pass Pass Pass Pass Fail Fail Pass Pass Pass Fail Pass Fail Fail
Burst after Steam
Rack >2500psi 4,164 7,744 4,616 3,350 N/A N/A 4,390 6,058 2,750 N/A 5,800 N/A N/A

BURST TEST RESULTS SUMMARY:
+ Flexsteel 250 EPDM-20 tested highest among all samples at 7,744 psi.

* Among samples rated to 10:1 safety factor, Parker Steam Lance 7264 recorded highest post steam rack burst test at 6,058 psi.
» Parker Steam Lance 7286 and Goodall Dante recorded lowest passing burst results at 2,750 psi and 3,350 psi respectively.

VISUAL EXAMINATION OF SAMPLES INNER TUBE: All thirteen samples removed from the Steam rack were dissected to inspect the
tubes for signs of tube pop-corning. No evidence of pop-corning was observed on any samples.
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RUBBER TESTING

Specimens were taken from each hose sample for testing physical properties such as Specific Gravity, Hardness, Ozone, etc.

TUBE:

Table 2.1 shows results of physical property testing completed on tube compounds

Flexsteel Flexsteel Flexsteel Concord Steam Steam Dragon %rr?ega?r? Dragon I\/T:E?ér Steam
TABLE 2.1 250 250 250 Dante Inferno 250 Slaver Lance Breath E.7 Breath Steam 250
EPDM-20 CB 4 250 Butyl . 250 CB
Crimp Plus
Tube compound
Comparative 539070024 | 539486024 | 539176024 N2069 N2711 H008412 | EH08412 7264 7286 7286C 7288 3602-1057 | ST250CB-
measurement 075
Manufacturer Continental | Continental | Continental | Goodall Goodall Eaton Eaton Parker Parker Parker Parker Gates Buchanan
Tube: EPDM EPDM CB CB blend CB CB CB blend EPDM Butyl CB EPDM EPDM CB
Original Tensile 1975 1751 863 1466 1155 1120 1182 2387 1069 1269 2333 2215 1545
100% Modulus 484 1020 159 738 552 474 304 948 232 259 911 767 751
Original Elongation 479 240 536 221 239 344 477 321 446 495 330 312* 217
Original Hardness 65 80 52 65 57 58 51 71 50 50 63 67 65
Spec Gravity 1.17 1.18 1.20 1.21 1.21 1.21 1.22 1.11 1.14 1.14 1.11 1.50 1.20

Air Aged 70hrs/300F
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Tensile %Retained

113

112

74

100

103

69

78

110

78

54

101

54

66

Elongation %Retained

44

68

21

44

36

21

26

55

63

48

49

83

Hardness Pts. Changed

+10

0

+20

+22

+31

+17

+23

+11

+15

+15

+21

+2

120Psi/140Hrs Steam
Aging Water ingression

+4%

-2%

-6%

+4%

+6%

+9%

+8%

-8%

-2%

-1%

-T%

+13%

test % (3 samples tested)

+66%

*Samples too thin to provide accurate results

TUBE MATERIAL TEST SUMMARY:

Tensile:
Parker's EPDM models 7264 and 7288 tubes have the highest original tensile strength at around 2,300 followed by Gates at 2215

then both CONTINENTAL Flexsteel 250 EPDM models. While Gates lost nearly 50% tensile after air aging, the Parker and
Continental samples all retained their tensile strength. In fact, both CONTINENTAL samples had the highest tensile retained at
around 112%.

The Continental Flexsteel 250 CB has the lowest original elongation, typical for pure Chlorobutyl.

Modulus:

Continental Flexsteel 250 EPDM-20 has the highest modulus at 1020, while Flexsteel 250 CB has the lowest at 159.

Elongation:

Buchanan ST250CB had the lowest original elongation at 217, while Flexsteel 250 CB had the highest at 536. Buchanan hose
retained of 83% of its original elongation, while Flexsteel 250 CB and Concord 250 retained only 21%.

Hardness:

Flexsteel 250 EPDM-20 had the highest original hardness at 78

Parker 7286 and 7286C had the lowest hardness reading of 50

Goodall Inferno and Eaton Steam slayer showed the highest gain in after air age hardness at 31% and 22% respectively

The only samples that lowered their hardness after air aging were the Buchanan hose with an -3%, Flexsteel 250 Steam, and with
an -2%.

It should be noted that Flexsteel 250 EPDM-20 started with the highest hardness hose, while some competitive samples tested in
the 50s range, but after air aging, they all end around the same comparative range of the mid-70s. For instance, Flexsteel 250
EPDM had an original hardness of 78 reduced by 2% to approximately 76, whereas after heat aging the Goodall Inferno N2711
gained 31% and increased from an original of 57 to 75.
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Steam Aging Water Ingression Test:

What is the pop-corning effect? This test was conducted with intent to evaluate a tube compound’s resistance to observe water. In
other words, to test the tube material’s vulnerability to the phenomenon of what is commonly called
“pop-corning”. Pop-corning can occur when the following happens: First, the wall of a steam hose
will become fully saturated with steam during use. Then next, the pressure inside the hose
decreases, for instance due to shut downs. Then lastly, when the hose is re-pressurized, steam
moisture will gradually diffuse out, taking flakes of tube wall along (pop-corning). Such effect will
weaken hose carcass and eventually cause it to fail. The less water that is absorbed in to the tube
during use, the better the chances are that the tube will not popcorn.

This test is a reference measurement of material ability to absorb water and its effect on hose premature failures due to tube pop-
corning and has no long history of evaluation. From a study that was done on a CONTINENTAL Chlorobutyl hose performance in low
pressure steam applications, a

Steam Aging Water Ingression Test Results:

e Buchanan Chlorobutyl tube compound had the highest swell with 66%.

* Eaton Concord 250 Chlorobutyl tube hose resulted in the 34 highest swell of +9%.

* Continental Flexsteel 250 CB had a negative value change of -6%, scoring lowest among all Chlorobutyl tube hoses.

¢ The three results basically undermine the traditional perception that Chlorobutyl has a lower permeation rate vs. EPDM.
e The 2nd highest swell of +13% was recorded on Gates Plant Master Steam Plus Hose.

* The rest of the EPDM samples tested anywhere from +4% on Flexsteel 250 539076024 to -8% on Parker Steam Lance.
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COVER: While comparing physical properties of cover compounds, it should be noted that:

«  With exception to Parker models 7286 with Butyl and 7288 with Neoprene, all other samples use EPDM cover compounds.

« Flexsteel 250 model 539076024 is the only sample with a smooth cover finish.

« Parker 7288 is the only sample with an oil resistant cover.

« The Gates cover compound is unknown, but is advertised as having oil resistance.

Dragon

Plant

Flexsteel Flexsteel Flexsteel Concord Steam Steam Dragon Breath Dragon Master Steam
TABLE 2.2 250 Red 250 250 Dante Inferno 250 Slayer* Lance Breath E7 Breath Steam 250
EPDM-20 CB 250 Butyl Crimp 250 Plus CB
C°g’§[n°‘;’;?§t?\}’e"d 530070024 | 539486024 | 539176024 | N2069 | N2711 | HO0B412 | EM0B412 | 7264 7286 7286C 7288 | 3602-1057 | ST250CB
measurement
Manufacturer Continental | Continental | Continental | Goodall Goodall Eaton Eaton Parker Parker Parker Parker Gates Buchanan
COVER EPDM EPDM EPDM EPDM EPDM EPDM EPDM EPDM Butyl EPDM Neoprene Unknown EPDM
Original Tensile 981 912 383 347 343 1048 158 801 992 833 718 530 1337
100% Modulus 174 231 127 242 210 211 104 226 224 247 245 274 115
Original Elongation 491 454 412 268 297 418 700 503 432 398 530 433 612
Original Hardness 56 58 59 65 65 61 66 61 51 51 61 53 57
Spec Gravity 114 1.17 1.18 1.32 154 111 1.34 1.36 114 1.13 1.48 1.28 114
Air Aging 70hrs/300F - - - - - - - - - - - - -
Tensile % Retained 54 55 203 82 91 81 127 112 64 54 79 140 45
Elongation % Retained 23 54 33 29 61 56 22 22 44 40 0 67 26
Hardness Pts Changed +10 +5 +6 +5 +13 +5 -1 +17 +16 +13 +35 +4 +18
Ozone 24hrs/204F Loop Pass Pass Pass Pass Pass Pass Pass Pass Fail** Pass Pass Pass Pass

* Testing physical properties on a skived hose cover can affect the results, for that reason the best test data point was recorded in the above table instead of the average.
** See below picture of Ozone failure.
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COVER MATERIAL TEST SUMMARY:

Tensile:

* Buchanan hose cover has the highest original tensile at 1337, while lowest result was on the Goodall Inferno at 343.
* The Flexsteel 250 CB Steam retained the highest percentage at 203% of its original tensile strength.

* Buchanan hose resulted in the least tensile retained at only 45%.

Elongation:
* Eaton Steam Slayer cover had the highest original elongation at 700, while Goodall Dante had the lowest number at 268.

* Goodall Inferno had the highest retained elongation after air aging at 61%, while the Parker Dragon Breath 7288 hose lost its
elongation (noted as O in the above table).

Hardness:

* Sample cover hardness measured within a range of 51 (Parker 7286 and 7286C) to 66 on Steam Slayer
e Parker 7288 had a gain of+35 points in after air age hardness reaching 96

e Steam Slayer lost 1 point of hardness

Ozone resistance

« Parker 7286 Butyl cover was the only one sample that failed ozone resistance test, by developing cracks on its surface.
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COMPERATIVE MEASUREMENT TEST RESULTS SUMMARY OF SAMPLES FAILED STEAM ENDURANCE TEST

The failed samples shared the following attributes:

» Qut of four samples, three (Buchanan, Parker 7286C & Goodall Inferno), are the three lightest hoses among all tested,

ranging in weight from 0.480 to 0.540 Lbs/ft

* Same three models are also least reinforced samples, braided either with smallest wire gage (Parker 7286C) or with fewer wire

ends (Buchanan and Inferno)

e Concord 250 hose, with its adequate reinforcement, well-built carcass and excellent initial burst test result, stands alone among
other failed Steam rack test samples. It appears that its low performance is related to tube material. It should be noted, that same

hose, being part of a previous benchmarking project, also failed steam rack testing with the same failure mode of tube crack.

* Manufacturing location is unknown for all failed samples.

OVERALL CHARACTERISTICS AND ATTRIBUTES SUMMARY OF SAMPLES THAT PASSED STEAM ENDURANCE TEST

Table 3.1 below was created for your convenience and presents valuable steam hose comparative test data along with imperative
numbers aimed to assist with our benchmarking study.

Flexsteel Flexsteel Flexsteel Steam Lance Dragon Dragon
TABLE 3.1 250 250 250 Dante Steam Slayer 250 Breath Breath
EPDM-20 CB Butyl 250
Hose Specification 539070024 539486024 539176024 N2069 EH08412 7264 7286 7288
Manufacturer Continental Continental Continental Goodall Eaton Parker Parker Parker
Tube: EPDM EPDM CB CB blend CB blended EPDM Butyl EPDM
Cover EPDM EPDM EPDM EPDM EPDM EPDM Butyl Neoprene
Hose OD (inch) 1.270 1.246 1.337 1.349 1.325 1.360 1.390 1.370
Catalog weight (Ibs/ft) 0.550 0.590 0.640 0.670 0.630 0.660 0.690 0.730
Burst Pressure (Psi) 4,704 7,726 5,318 4,424 4,210 6,026 5,780 6,096
Pass Pass Pass Pass Pass Pass Pass Pass
Burst After Steam Rack 4,164 7,744 4,616 3,350 4,390 6,058 2,750 5,800
Theoretical burst (Psi) 6,011 7,596 6,618 4,756 6,931 6,825 7,028 7,033
Reinforcement efficiency (%) 78 102 80 93 61 88 82 87
Permanent crimp coupling Yes/No Yes/no skive Yes/no skive No No No* Yes/skived Yes/skived Yes/skived
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OVERALL TEST RESULTS SUMMARY

* Flexsteel 250 Steam is the smallest in dimension & lowest in weight

* Parker 7288 has the heaviest weight/ft and has the largest OD

* Flexsteel 250 EPDM-20 has the highest initial burst and post steam rack burst among all samples.

» Parker 7288 has the highest initial burst among samples rated to a 10:1 design factor.

» Parker 7264 has the highest after steam rack test burst among samples rated to a 10:1 design factor.
* Parker 7286 post steam rack burst test results were inconclusive, due to a pinhole in the tube.

* Parker 7286 Butyl cover failed the Ozone resistance test; this suggests that the hose may not do as well as other hoses in ambient
applications.

» Parker 7288 Neoprene cover lost its elongation after air aging and had the highest air aged hardness of 96 points. This suggests
that hose may not perform as well as other samples in cold weather situations, as its hardened cover became brittle.

* Flexsteel 250 EPDM-20 has the highest theoretical burst, while Goodall Dante had the lowest at 4,756 Psi. Theoretical burst is
imperative numbers representing hose design capability and are functions of hose reinforcement data such as: wire gauge, number
of wire ends in each wire layer, number of braid carriers, braid OD and lead.

* Flexsteel 250 EPDM-20 also scored best with its reinforcement efficiency or hose wire utilization of 102%. This comparative
number calculated by comparing hose initial burst to its theoretical burst. Steam Slayer has least wire utilization of 61%.

e Parker models 7264 and 7288 appear share the same hose carcass, but have different cover compounds.
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