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Company Profile

Established 1946

G&S Valves Ltd. specialises in manufacturing a wiglege of valves, from 'one off' prototypes for
engine development, up to ongoing scheduled cadstfaclarger companies. We have received
approved supplier status from many of the major Cdtid high performance manufacturers.

Cosworth 'Approved Supplier Scheme’,
Rolls Royce Motor Cars 'Supplier Assessments’,
Varity Perkins 'Approved Supplier'
and
Various Vintage Motor Car & Motorcycle Clubs.

BRESERTED 3% KBV H DLCKWORTI, DESIGHER OF THE DFY ENGINE. 11 COMMEMORATE 150 GRAND PRI WINS
WITH LR ENGINES MANLFACTURED BY COSWORTH ENGINEERNG | TE
JNE 1967 TO ALGUST 1882 :

fo R
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Company History

G&S Valves Ltd. was founded on July 13th 1946 by Marry Grenside and his partner Mr. Ralph
Saunders, the company was originally known as G&foké located in a small factory in Milford,
Surrey, England.

In 1947 G&S Valves acquired its first major custonietters of Staines. By 1959 the work load had
increased so much that new premises had to be fdimslwas to be a purpose built factory in
Catteshall Lane, Godalming, when the name charg&&sS Valves.

Over the next few years the range of valves prodiuess increased to include those for competition
engines and racing cars as well as for the Enghistor cycle industry. During this time they earr@ed
reputation as a high quality engine valve manufacfu

supplying the likes of:
Cosworth Racing
Lotus
Ford Competition Department
and many others.

In 1974 Mr. Robert Grenside & Mr. Neville Nichols
took over control of G&S Valves Ltd. and continued
improve quality of the valves produced. 1980 sasv t
purchase of a Forge, based in the West Midlands,
which Mr. Trevor Abbotts, formally from TRW, took
control of this new acquisition allowing us to make
purpose made forgings for the ever increasing valve
business.

Due to the increasing complexity of some of thepsisa

to produce these new designs. With this came thd ne
to install a CAD system to create the drawings aded

In 1991 Mr. Andrew Grenside joined the company and
used his knowledge in computers to set up this new
system. This new set-up has improved the production ‘ —

SPARES lml

techniques and quality of all of valves produce®&s, "‘:‘;;.-'T‘,'”' MILFORD o
and is looking forward to new challenges in the /;:—n, S
A |T_ll| I

forthcoming years. 7 | % -
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required by some of our racing customers, G&S Valve
had to purchase a number of CNC Lathes and Grinders



General Overview

G&S Valves Ltd. can offer you a complete valve, fretart to finish.

We hold a comprehensive stock of high quality vadieel and can upset forgings from a vast
range of die forms to produce suitably close lif@rgings to suit most applications.

We have the facilities to perform various type$eét treatments, bi-metal valves
and Armored Seated Valves (Cobalt based deposaddéss).

Our manufacturing process starts life as a plaalsbd which is then electrically upset to forruant,
then forged into a close limit forging.

After being forged the valve goes through a nunabenachining and grinding operations.
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Genel’a| OveI‘VIeW - continued -

Before final inspection in our quality dejpaent.

After final inspection,
we can offer a pulsed plasma treatmerntigunse)
as well as various other treatments.
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Material Cross Reference

England Sweden USA Germany France Belgium Italy Spain Japan
British
G&S Valves c EN SS | AISISAE | W.-nr DIN AFNOR NBN UNF Jis
td.

EN18 530M40 EN18 5140 1.7035| 41Cr4 42C4 41Cr4 41Cr4 42Cr4 | SCr44 (H)
EN24 817M40 EN24 | 2541 5340 1.6582 | 34CrNiMo6 35NCD6 35NiCrMo6 | 35NiCrMo6
EN31 534A99 EN31 2258 52100N | 1.3505| 100Cr6 100C6 100Cr6 F.131 | SUJ2
EN52 401545 EN52 HW3 1.4718 | X45CrSio93 Z45CS9 X45CrSi8 F.322 | SUH1
EN54A 331542 EN54A | S 1.2731 | X80CrNiSi20
EN59 443S65 EN59 HNV6 1.4747 | X80CrNiSi20 Z80CSN20.02 X80CrSiNi20 | F.320B | SUH4
214N 349S52 EVS 1.4871 | X53CrMnNi219 Z55CMN21.09 X53CrMnNiN | F.3551 | SUH35
X21RB 352552 1.4870 | X53CrMnNiNb219 Z50CMNNb21.09
1.4882 1.4882 | X50CrMnNiNbN219
1.4731 1.4731 | X40CrSiMo102 Z40CSD10 SUH3
1.3343 BM2 2722 1.3343 | S6-5-2 HS6-5-2 SKIH51
Nimonic 80A | 3076 2188 HEV5 2.4952 | 17742 NC20TA SUH751
316S11 1.4404 | X2CrNiMo17132 Z2CND1712 X2CrNiMo17
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Mechanical Properties

Tensile Strength, Proof Stress & Creep Strength

Material

Tensile Strength

0.2% Proof Stress

Creep Strength

(N/ sq. mm) (Yield Strength) N/sq. mm (after 1000 h) N/sg. mm

214N - (349S52) 500 Deg.C. 650 500 Deg.C. 350 650 Deg.C. 200
550 Deg.C. 600 550 Deg.C. 330 725 Deg.C. 110
600 Deg.C. 550 600 Deg.C. 300 800 Deg.C. 50
650 Deg.C. 500 650 Deg.C. 270
700 Deg.C. 450 700 Deg.C. 250
750 Deg.C. 370 750 Deg.C. 230
800 Deg.C. 300 800 Deg.C. 200

1.4882 500 Deg.C. 680 500 Deg.C. 350 650 Deg.C. 220
550 Deg.C. 650 550 Deg.C. 330 725 Deg.C. 120
600 Deg.C. 610 600 Deg.C. 310 800 Deg.C. 55
650 Deg.C. 550 650 Deg.C. 285
700 Deg.C. 480 700 Deg.C. 260
750 Deg.C. 410 750 Deg.C. 240
800 Deg.C. 340 800 Deg.C. 220

352552 500 Deg.C. 680 500 Deg.C. 340 650 Deg.C. 215
550 Deg.C. 650 550 Deg.C. 320 725 Deg.C. 115
600 Deg.C. 600 600 Deg.C. 310 800 Deg.C. 50
650 Deg.C. 510 650 Deg.C. 280
700 Deg.C. 450 700 Deg.C. 260
750 Deg.C. 380 750 Deg.C. 235
800 Deg.C. 320 800 Deg.C. 220

316S11

EN24 - (817M40) 1180 — 1380 980

EN31 - (534A99)

1.3343

EN52 - (401S45) 500 Deg.C. 500 500 Deg.C. 400 500 Deg.C. 190
550 Deg.C. 360 550 Deg.C. 300 650 Deg.C. 40
600 Deg.C. 250 600 Deg.C. 240
650 Deg.C. 170 650 Deg.C. 120
700 Deg.C. 110 700 Deg.C. 80

Not use above 700 Deg.C.

Not use above 700 Deg.C.

Not use above 700 Deg.C.

EN5O - (443S65)

20 Deg.C. 1080

20 Deg.C. 900

600 Deg.C. 400 600 Deg.C. 300

700 Deg.C. 175 700 Deg.C. 150

800 Deg.C. 115 800 Deg.C. 75
EN54A (331S42) Ultimate Strength Yield Point

20 Deg.C. 818 -926 20 Deg.C. 509 - 556

600 Deg.C. 463 -494 600 Deg.C. 278 - 309

700 Deg.C. 417 - 448 700 Deg.C. 216 - 231

800 Deg.C. 247 - 262 800 Deg.C. 123- 139

1000 Deg.C. 77- 92 1000 Deg.C. 38 - 46
Nimonic (80A) 500 Deg.C. 1050 500 Deg.C. 700 650 Deg.C. 500
* Note: Nimonic has an 550 Deg.C. 1030 550 Deg.C. 650 725 Deg.C. 290
undesirable operating rangg 600 Deg.C. 1000 600 Deg.C. 650 800 Deg.C. 150
of between 750-775 Deg. C 650 Deg.C. 930 650 Deg.C. 600
(top end of sulphur corrosio 700 Deg.C. 820 700 Deg.C. 600
overlapping into the bottom 750 Deg.C.* 680 * 750 Deg.C. * 500 *
end of the oxidation e N
corrosion) 800 Deg.C. 500 800 Deg.C. 450
Armored Seat - Cobalt 600 Deg.C. 1000
based deposit - Grade 6
Tips - Cobalt based 99 kg/mm~2

deposit - Grade 12
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Mechanical Propertiesntnued-

Modulas of Elasticity, Elongation and ReductiorAirea

Material Modulus of Elasticity | Elongation after Fracture Reduction in Area
@20 Deg.C. (L=5d)"2 after Fracture
kN/sg. mm E % RA %

214N (349S52) 205 8 10

1.4882 205 12 15

352S52 205 8 10

EN52 (401S45) 210 14 40

EN59 (443S65) 200 15 15

EN54A (331S42) 20 Deg.C. 25 - 32

600 Deg.C. 20 - 25
203 700 Deg.C. 24 - 28 20 - 25
800 Deg.C. 35 - 40
1000 Deg.C. 60 - 65

EN24 (817M40) 210 9 40
1.3343 217

Nimonic (80A) 215 15 25
316S11

Armored Seat - Cobalt 210

based deposit - Grade 6

Tips - Cobalt based 204

deposit - Grade 12

Tensile Strength

Ultimate Strength
Yield Strength

Yeild Point

Creep Strength

Modulas of Elasticity

- The maximum load apgbirebreaking a tensile test piece divided by theiwal
cross-sectional area of the test piece.
(The maximum stress value obtained on a streasrsurve)

- Is the maximum streds@@btained on a stress-strain curve.

- The maximum stresg ti@an be applied without permanent deformation.

- Is a point on the stresssin curve at which there is a suden inceasgams
without a corresponding increase in stress.

- Continuing changesnmedsions of a stressed material over time, ataahgensile
load is applied under a specified temperature
(This is not Creep Rupture - which is when tregenal fails).

- The ratio of unit stressunit strain within the proportional limit of a teaial in shear.
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Chemical Properties

% Chemical Composition

Material C|Si|{Mn| Ni | Cr N S P|CU Fe| Ti| Al{Co| B [Zr| Pb | Nbf W |Mo| O2| V| H2| Sn
Ta
Austinetic Stainless Steel
214N 0.48(0.25 8 |[3.25| 20 |0.35(0.03|0.045 Bal
(349S52)| 0.58|Max| 10 | 4.50| 22 | 0.50| Max | Max
352552 (0.48{0.45 8 |3.25| 20 |0.38{0.039 0.04 Bal 2.0(
0.58|Max| 10 | 4.50| 22 | 0.50| Max | Max 3.00
1.4882 |0.45(0.45 8 [3.50| 20 |0.40(0.0300.045 Bal 1.8(00.80
0.55|Max| 10 | 5.50| 22 | 0.60| Max | Max 2.501.50
Stainless Steel
316S11 [0.03{1.0{2.0| 11 [16.5 0.03(0.045 Bal 2.0
14 |18.5 2.5(
Wrought Steel (EN Series)
EN24 0.35{0.10{0.45| 1.30| 1.00 0.04( 0.04 Bal 0.2
(817M40) 0.44|0.350.70| 1.70| 1.40 Max | Max 0.35
EN52 0.40{2.70(0.60{ 0.50| 8 0.03(0.04 Bal
(401S45)| 0.50|3.30Max| Max| 10 Max | Max
EN59 0.75(1.750.30[ 1.20| 19 0.40( 0.40 Bal
(443S65) 0.85|2.250.75| 1.70| 21 Max | Max
EN54A | 0.45(1.37/0.5913.5413.58 Bal 2.17
(331542) 1.450.96|13.7Q14.40 2.42
1.3343 |0.90({0.230.20 4.15 Bal 6.3%.95 1.84
Nimonic Alloys
Nimonic | 0.04|1.0| 1.0| 65 | 18 0.0150.02¢ 0.2 3 |1.8|1.0f 2 |0.0080.150.002%
(80A) 0.10|Max|Max| Min | 21 Max Max(1Max Max| 2.7| 1.8|Max| Max|Max| Max
Cobalt Based Alloys
Armored | 1.1 <3.0 28 <3.0 Bal 5.0
Seats -
Grade 6
Tips 09|25 13( 19 <3J0 Bal| 1.8 9.0
Grade 12
C - Carbon Si — Silicon Mn - Manganese Ni - NickeCr — Chromium
N — Nitrogen S - Sulfur P — Phosphorus Cu - Coppee — Iron
Ti — Titanium Al = Aluminum Co - Cobalt B — Boron Zr — Zirconium
Pb - Lead Nb - Niobium Ta — Tantalum W - Tungstdo — Molybdenum
O - Oxygen V - Vanadium H - Hydrogen Sn -Tin Md/agnesium
Zn - Zinc
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Chemical PropertieSntinued -

Proof Stress & Creep Strength

Corrosion at @900 Deg. C with

Material Melting Point Lead Oxide (g/dm~2/h)
214N (349S52) 1,420 Deg. C 18
1.4882 1,420 Deg. C
352552 1,420 Deg. C
EN52 (401S45) 1,457 Deg. C 54
EN54A (331542)
EN59 (443S65) 1,408 Deg. C 51
EN24 (817M40)
1.3343
Nimonic (80A) 1,343 Deg. C 3
316S11
Armored Seats —
Cobalt Based Grade ¢ 1,290 Deg. C
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Chemical PropertieSntinued -

Material Characteristics
Chemical Composition:

The initial assessment of any group of steel ist®mical analysis and the main alloys used in V8ieels are,

Chromium: (Cr)

The most valuable element for improving the coonsand oxidation resistance of steel, particulagginst
sulphur in any form, or in combination with hydroger with organic compounds. It is considered thrater
oxidising conditions, a thin tenacious surface fayfechromium oxide is formed which provides a skin
impervious to further oxidation. This protectivafaige remains constant, preventing any penetratidie
general body of the steel. As an alloying elememtomium has advantages over others, such asrséicd
aluminium, both of which improve oxidation resistarbut are less satisfactory in the presence oicieg
atmospheres and/or sulphur attack..

Nickel: (Ni)

In the higher additions, nickel improves oxidatresistance, especially in the presence of chromiwnhhas
little effect when present at values below 2%. Téi&snent has a considerable effect on toughnesdepttl of
hardening of the martensitic steels. High nickeél are prone to attack by sulphurous atmospliersto
intergranular formation of nickel sulphide.

Silicon: (Si)

This element leads to improvement in strength asttance to oxidation but is on occasions resptn&r

manipulation difficulties and brittleness due taigrcoarsening. In certain ranges of compositidicos
contributes to lack of uniformity in mechanical peoties.

Molybdenum: (Mo)

An element generally regarded as an additive topte fine grain and to confer an increase in rascs to
temper brittleness. It has a beneficial effect mmhhemperature strength.

Vanadium: (V)
This is a grain refining and toughening elementicialso contributes towards high temperature gtren

Tungsten: (W)

This element has a beneficial effect on high terajpee strength and was one of the first elemerad t this
purpose.

Nitrogen: (N)
This element has a beneficial effect on improviagdness.

Niobium: (Nb)
This element has a beneficially effect on refining grain size.
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Physical Properties

Hot Forming Temperature, Thermal Conductivity, Spetieat Capacity & Coefficient of
Thermal Expansion

. Hot Forming Therm_al_ Specific !—|eat Mean coefficient of Thermal
Material Temperature Conductivity Capacity Expansion * 10 exp(-6).K(-1)
W/(m.K) J/IKg. K '

100 Deg.C 155
300 Deg.C 175

214N (349S52) 1150-950 Deg C 14.5 500 500 Deg.c 185
700 Deg.C 18.8
100 Deg C 155
300 Deg C 175

1.4882 1150-950 Deg C 14.5 500 500 Deg c 18s
700 Deg C 18.8
100 Deg C 15.5
300 Deg C 175

352552 1150-980 Deg C 14.5 500 500 Deg c 18s
700 Deg C 18.8

316S11

EN24 (817M40) 37.7 460

EN31 (534A99) 1050-850 Deg C
100 Deg C 10.9
300 Deg C 11.2

EN52 (401S45) 1100- 900 Deg G 21 500 500 Deg c 11
700 Deg C 11.8

EN54A (331S42) 1200 - 950 Deg (
100 Deg C 11.5
300 Deg C 12.2

1.3343 1100 - 900 Deg C 19 460 500 Deg c 12.7
700 Deg C 12.9

EN59 (443S65)
100 Deg C 11.9

. . 300 Deg C 13.1

Nimonic (80A) 1150-1050 DegC 13 460 500 Deg C 13.7
700 Deg C 14.5

Armored Seats -

Cobalt based 0.101 callg. C 50 — 600 Deg C 15.3

deposit - Grade 6

g;ppsoéf?gigé’:ﬁd 0.098 callg. C 50 — 600 Deg C 14.1

Specific Heat -is the ratio of heat required teeahe temperature of a certain weight of matéeyga Deg C
to that required to raise the temperature ostmae weight of water by 1 Deg C

Coefficients of Thermal Expansion for Valve Guidatetrial (between 0 and 200 Deg C, in 10 exp(-6 LK (-
Cast Iron 11, Phosphor Bronze 18, Aluminum Brorze 1

Note:- To find the expansion at 300 Deg C of a valvén\a stem diameter of 0.275” in 214N material.
(Assuming the stem diameter was measured at 20@eg.
the temperature difference is (300 Deg C - 20 Deg 280 Deg C
stem diameter x temperature difference x coeffictrthermal expansion = Expansion of Valve
ie: 0.275” x 280 x 0.0000175 = 0.0013"
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Physical PropertieSninued -

High Temperature Hardness (Cobalt based deposade% No0.6 & 12)

550 — 550
500
450
[ 4m
g
¥
2 350
g
300
250 - — 250
e <
a1 Gl B Bl (e B P B | T e o1 Sl i B
RT P00 400 500 500 1000 1200 1400
Temperature (Deg. F)
Volumetric Weight
Material +/- 0.5 Grams Volumetric Weight
214N - (349S52) 7.74 g/lcc x (16.38706 x Volume)
1.4882 7.81 g/cc x (16.38706 x Volume)
3525852
Nimonic (80A) 8.19 g/cc x (16.38706 x Volume)
EN59 (443S65) 7.74 g/lcc x (16.38706 x Volume)
EN52 (401545) 7.61 g/cc x (16.38706 x Volume)
EN24 (817M40) 7.84 g/cc x (16.38706 x Volume)
1.3343 8.10 g/cc x (16.38706 x Volume)
316S11
6082 2.71 g/cc x (16.38706 x Volume)
Hardness
Material's (Valve Steels & Tips) Rockwell 'C' Scale Vicker's ‘30’
214N (349S52) 30 HRc 318 Vicker's
1.4882 30 HRc 385 Vicker's
352S52
EN52 (401S45) 25 - 31 HRc 437 - 395  Vicker's
EN59 (443S65) 28 - 36 HRc 283 - 353.5 Vicker's
EN54A (331S42)
EN24 (817M40) 22 - 30 HRc 248 - 302 Vicker's
1.3343 63 - 66 HRc Vicker's
Nimonic (80A) 32 HRc Vicker's
316S11
Armored Seats - Cobalt based 38 - 42 HRc 371-4125 Vicker's
deposit - Grade 6
Ilzps - Cobalt based deposit - Grade 46 - 50 HRc Vicker's
EN24 (welded tips) 52 - 54 HRc 541 -576 Vitke
EN31 (welded tips) Approx. 64 HRc Vicker's
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Surface Treatments

Various treatments are available to enhance tbahfl performance of your valves, these includéalheving:

Hard Tips - Cobalt based deposit - Grade 12
Process for placing a Cobalt based deposit - Gtadmn an Austinetic Stainless Steel Valve.

1. The valve is ground to finished length001”

2. Using a special profiled solid carbide drill, welldhe tip
of the valve until the outer edge of the counteksuole
is at the +0.005” on finished stem diameter.

3. Then using an Induction hardening machine with a
vibratory depositing system, we heat the valverup i
various stages to keep the right conditions to stops
contamination during heating.

4. Cobalt based deposit - Grade 12 Powder with a flux

additive is deposited into the countersunk holeraeted @1060 degrees C.
5. The valve is now ground to finished length and &eddor porosity and hardenss.

Friction Welded Hard Tip

Process for placing a Friction Welded Hard tip arAaistinetic Stainless Steel Valve.

1. This operation is done at the forging stage of patidn.

2. The length of the forging is ground to allow foeth
correct amount of burn-off to ensure the weld posits
in the correct position relative to the collet greo

3. At a later stage during the production cycle thetifin
welded tip will be hardened using a induction hardg
method depending on the relevant material usethéor
tip.

4. The valve is now ground to finished length and &eeddor hardness.
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Surface TreatmentSntnued—

Diamond like Carbon DLC (Process )?

This a Plasma Assisted Chemical Vapour Depositioogss (PACVD) which gives a hard layer of 4500 Hk
over the complete valve of 3 - 5 microns in defdtl,anti-friction qualities are greatly improvesitae
coefficient of friction (AbOs3) is 0.1, this process is applied at a relativity kemperature of between 200-300
Deg. C. This process is applied after the valveldess Plasma Nitrided, the plasma process givegile a
substrate that is sufficient to give the DLC cogtemough strength to be able to withstand the bagttact
stresses, and an increase in wear life.

Pulsed Plasma Nitriding(Process 6 or)7

Valves for internal combustion engines must hagh hesistance to thermal stress caused by frequent
temperature changes. They must remain ductiledmutiee good anti-friction properties to reduce wieahe
area of the valve guide. The valve seat must betahiesist the corrosive effects of hot exhausegdrom the
engine.

Pulsed Plasma Nitriding (Furnace supplied by Elitgpimproves the resistance to wear and the antiein
qualities by increasing the surface hardness aloagalve stem, while retaining the inherent camoes
resistance of the material at the valve seat. Butsesma Nitriding allows high temperature metdgjical
reactions to occur at low work surface temperatylsma is produced by applying high voltage tghoa low
pressure gas (a mixture of hydrogen and nitrogaunsiag it to ionise, using this high energy (barthally low
temperature), plasma will diffuse nitrogen into theface of the valve.

Some of the advantages of Pulsed Plasma Nitridieig a

1. This process is applied at low temperature doés not affect the original core properties efshbstrate

material.
2. The nitride layer is more uniform and thereeissl deviation from mean values, when comparedttbath or

(| o — : gas nitriding.
- ' i 3. The anti-friction qualities between the valvenstand the

valve guide have been substantially improved.
4. Plasma Nitrided surfaces offer better protectigainst
adhesive and abrasive wear
5. Due to the low temperature process the dimention
stability of the valve is improved.
6. Valves can be masked to allow specific partsettreated
7. Using this process it is possible to allow otineatments
to be applied to further enhance the propertidh®f

valve

By using this process it is also possible to predacase
structure without an Iron Nitride compound (Whilayer
and this allows the deposition of a subsequenasarfoating onto the nitrided surface, to produceiti layer
coating.

eg:
TIAICrYN (PVD Coating) and DLC - (PACVD Coating) —
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Surface TreatmentSntnued -

Pulsed Plasma Nitriding(Process 113 continued —

The basic procedure for Pulsed Plasma Nitridingeshbre as follows

The valves are washed to remove any traces ohdihaachining residues, they are then placed irthiele
vacuum chamber in a manner that will permit thesipla to gain access to all of its
important surfaces. The furnace is then closedatimosphere in the chamber is evacuatis
to give a vacuum. A number of purges and evacustidhe furnace atmosphere are ma
to ensure that there is no residual air insidecttamber. A voltage is then applied with a
controlled gas mixture to produce a plasma. Tlasrma is first used to sputter cleaned &
remove any passive layers on the surface. Duriesgtistages the furnace load is heated
both the furnace wall heaters and the plasma tn&ihitriding temperature is reach at wh
stage the load is held for a specific amount oéttmallow the plasma to produce required

nitride. At the end of the nitriding cycle the vadrthe are then cooled down in a vacuum givinggatsgjrey
appearance on the nitrided areas of the valve.

Example of Process Procedure:
1. Initial heating
2. Sputter Cleaning
3. Nitriding
4. Cool down cycle

The table below shows the case depth and surfadedss achieved on different valve steels fromgalils
plasma.

Micrograph of 1.4882

Minimum Surface Minimun Case e 0257
Material’'s (Valve Steels) Hardness Depth microns
(@50 grams load)
214N (349S52) 1,000 HVO0.10 5 microns
1.4882 1,000 HVO0.10 5 microns
EN52 (401545) 1,000 HVO0.10 10 microns
EN24 (817M40) 600 HV0.10 10 microns
Nimonic (80A) 700 HV0.10 5 microns
Micrograph of 214N Micrograph of Nimonic 80A Micrograph of EN52

Microhardness Profile - 214N Valve Microhardness Profile - 1.4882 Valve Microhardness Profile - EN 52 Valve

1300 1100 1300

1000

900

700

HV 0.05
HV 0.05

HV 0.05

500

400 \

300 300

200 200
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 0

Depth / ym Depth / mm

10 20 30 40 50 60 70 80 90
Depth / um
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Surface TreatmentSntnued -

Pulsed Plasma Nitriding(Process 113 continued —

Sample Valve (Pulsed Plasma Nitrided) Picture through veiwing window of 214N valves beingPulsed Plasma Nitrided Selection of Valves (Pulsed PlastNérided)

3
3
3
4
5
L ¢
3
T
I

Trufftride (AB1 or TF1) (The process used depends the specification of the valve)

Gives a hard layer of between 72 to 74 Rockwello@er the complete valve of between 10-20 micrans i
depth, and gives excellent wear properties in aigas or bronze guide with the added benefit oést relieving

the valve. This type of treatment gives a blacktiadtfinish all over the valve.

Tufftride Process

TF1 AB1
1. De-Grease 1. De-Grease
2. Process in air circulated furnace 2. Process in air circulated furnace
@350/250 Deg’s C. @350/250 Deg’s C.

3. Process in (TF1) for 40 Min. @ 600 Deg’s C 3. Process in (TF1) for 40 Min. @600 Deg’s C
4. Quench in Qil 4. Process in salt bath (AB1380 Deg's C

5. Wash components in hot water then warm wateépugnch in cold water
6. Oil components 6. Wash components in hot wtten, warm water

7. Oil components

Armored Seats using a Cobalt based deposit - Gradis (see Unleaded Seat Section)

A Cobalt based deposit - Grade 6 is placed onxhatest valve seat face which enhances the seatdssd
(Rockwell'C’ of between 38 to 42 HRc) which enabite® be used with unleaded fuel or highly strelsse
engines e.g.: turboed, supercharged or enginesithaenerally hard on valve seats.

Sodium Filled Exhaust Valves
Hole 60%-65% filled with Sodium,

three types of specifications:
1. One piece, drilled from the head then plugged

2. Two piece, drilled from the stem then friction wedd
3. Two piece, drilled from the stem then swaged clp#geh friction welded
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Surface TreatmentSntinued -

Shot Peening

Shot peening is a cold working process in whichsilwgace of a part is bombarded with small sphenezdia
called shot. Each piece of shot striking the matextts as a tiny peening hammer, imparting tsthréace a
small indentation or dimple. In order for the dimpb be created, the surface fibers of the matemist be
yielded in tension. Below the surface, the fibeygd restore the surface to its original shapetehy producing
below the dimple, a hemisphere of cold-worked niatlighly stressed in compression.
Overlapping dimples develop a uniform layer of

__STRE FAGE residual compressive stress in the metal. It i$ wel
§~Wb known that cracks will not initiate or propagateain

I:"L ] . _'_]Z"::' compressively stressed zone. Since nearly allifatig
N Compression ,‘;ul:l and stress corrosion failures originate at theaserbf a

= e, “ N part, compressive stresses induced by shot peening
provide considerable increases in part life. The
maximum compressive residual stress produced at or
under the surface of a part by shot peening igastlas great as one half the yield strength aintterial being
peened. Many materials will also increase in s@taardness due to the cold
working effect of shot peening.
Benefits obtained by shot peening are the resuhegffect of the compressive
stress and the cold working induced. Compressressts are beneficial in
increasing resistance to fatigue failures, corm$atigue, stress corrosion cracki
hydrogen assisted cracking, fretting, galling arab®n caused by cavitation.
Benefits obtained due to cold working include whekdening, intergranular
corrosion resistance, surface texturing, closingarbsity and testing the bond of
coatings. Both compressive stresses and cold wgpeilects are used in the application of shot pegim
forming metal parts.

TIrrpact at tigh speed
creates a dinnple

Hard Chrome Plating

Gives the stem added durability by depositing cleam the stem to guide area of the valve of betv@e- 7 2
microns in thickness, this gives good compatibifitthe valve is made in 214N (Stainless) and ibe¢aised in a
cast iron guides. This type of treatment is onlyttmvalve stem

Surface Treatments (Thickness & Hardness)

Surface Hardness Hardness Thickness Thickness
Treatment Rockwell ‘C’ Vicker’s ‘30’ 0.000*" (Tenth'’s) microns
Hard Chrome . , 12 - 3 tenth’s 32-72
Flash 5254 HRc | 544 - 577 Vicker's| 4 55012 -0.0003)| micron’s
Tufftride 4 - 8 tenth’s 10-20
AB1 70-74 HRe (0.0004 - 0.0008) | micron’s
Tufftride 4 - 8 tenth’s 10-20
TE1 70-74 HRc (0.0004 - 0.0008) | micron’s
Pulsed
Plasma See Table See Table See Table See Tdble
Nitriding

Note: 25 micron’s = 0.001"

Hard Chrome Flash - Nickel layer gives corrosiootction,
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Cobalt based deposit - Grade 6 - Unleaded Use -

Armored Seat using a Cobalt based deposit - Grade 6

The whole unleaded question regarding valves istaidky to explain. To begin with certain ‘oldetyle’
engines can run perfectly satisfactorily on plal4i® material, due to the fact that they are nooaenn day
‘lean’ burn, high revving engines, expected to dudern day mileage and service intervals.

Unfortunately every engine is different. What wed&ound is that if the cylinder heads have had enodlay
‘unleaded’ hardened seat inserts fitted the seatrirwill most probably be too hard for the valveieh could
excessively wear the valve seat. In this particatse we would recommend a Armored seated exhalvgt v

For racing use unless the engine is a very hebalged engine or has forced induction you couldalig get
away with 214N or 1.4882 material as the valve wdlt be in service as long as a standard road gailvg.

As a rule of thumb any exhaust valve running on enndiay fuels should NOT be magnetic, if so, & is
martensitic (magnetic) steel which nowadays is @senhlet valve material. 214N which is an austeifiton
magnetic) stainless steel developed in the 60’sd@&sdyned to run on leaded fuel. Some older styignes pre
60’s used EN54 (non magnetic) steel some with aafblased deposit on the seat or EN59 / EN52 bioth o
which are magnetic materials. Any of these matemaduld not be as good as a plain 214N exhausevalve
addition of Armored seat has been implemented dtieet demise of leaded fuel leading to excessiaewgear.

The other thing to note is that 214N (austenit@grgess steel) is not compatible to run in cast gaides without
a surface treatment on the stem e.g.: plasmaaijtritrome or tufftride, where EN52 or inlet (maggjenaterial
without a treatment is acceptable. Nimonic 80Als® anot compatible to run with cast iron guideshwiit a
surface treatment on the stem e.g.: plasma nitricddarome, but is acceptable to use unleaded fillebut a
Armored seat.

The basic procedure for a depositing a Armored @eat forging is as follows:

. 1. Forge a forging as per normal procedure

3. Welding of the Cobol deposit on the forging

4. Coining of forging (drives the Cobalt depositarthe base material
and removes any porosity in the Cobalt layer.

5. Section sample forging to determine correcttposibf the Cobalt deposit
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Valve Steel

Various steels are available, these include tHeviahg:
EN52

For many years the standard exhaust valve steeEN&2, this steel was first introduced over 70 y&&rs ago.
But since then improved engine design includingaased compression and higher operating tempesatmd
improved fuels with an increased octane rating addition of tetra-ethyl-lead have lead to anéasing
tendency to prematurely burnout the valve. Thislsgeclassed as “semi” corrosion resistant as #reyattacked
by Chlorine and Sulphur compounds. As a resultrtiaserial is no longer considered suitable for esha
valves, although it is still perfectly satisfactdoy inlet valves.

EN54 ,KE965 & Jessops G2ZNo longer available)

Developed to replace EN52 as an exhaust grade gtesesteel possesses excellent creep strengthmgoatt
values at high temperature, and has good scalidg@mosion resistance, except in the presencalplisr, and
its resistance to oxidation extends to temperataipese 900 Deg. C. EN54A was expensive to manu¢in
its time) due to the high Nickel content so a neaterial was developed which was EN59.

EN59 (No longer available)

This material had a lower thermal expansion rategood heat conductivity properties which gives mhbetter
resistance to high temperature scaling. This staelsistant to Chlorine compounds but not Sulphus.
suitable for use where resistance to high octateel faiels and oils containing tetra-ethyl-lead.

214N

About 1960 a new steel, 214N was developed. Tk sétains its hardness even up to temperatur@@lbeg.
C and possesses excellent rupture strength ungletédmperature conditions combined with good cesep
impact values, The high Chromium content gives gaxaling resistance, and has greater corrosiostaesie
against Chlorine although is still not immune t¢pburous attack.

1.4882

This material has the same properties as 214N &3t with addition of Ta (Tantalum), Nb (Niobiynd
W (Tungsten). This gives it greater elongationalparties, improved tensile, yield and creep stiengt
Note: This material is available in stem sizes/ofidmm - 9/32") or less.

Nimonic 80A

Nimonic 80A has an increased operating temperatvee 214N and higher corrosion resistance. Noteidiic
has an undesirable operating range of between 75@ég. C where it can suffer corrosion (top enduphur
corrosion overlapping into the bottom end of thedakon corrosion)
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General Information

e 700 -
20 650
g 2 600 d |
£0 550 !

S 500 .

Heat flow is through the Back-of-Head (piston sidg)
radiation during combustion and by conduction tigiou
the Back-of-Head, Seat and Stem during the exhausi
stroke. Valves pass 75 % of their heat througlviiee
seat to the seat insert and 25 % from the valva ste
the valve guide.

Temperature
Deg C

Typical Exhaust Valve Operating Temperature

!

Typical Requirements for Valves in High-performaikaegines

A. Valve Tip

Tribological contact pressures (up to 2000 Mpa)temhperatures of 150 Deg. C. (Max.)

B. Collet Groove

Low wear, at temperatures of 150 Deg. C.

C. Valve Stem

Wear resistance in contact with valve guides, mptratures ranging from 150 to 300 Deg. C.

D. Underhead Area (Stem/Neck)
Sufficient fatigue strength at temperatures ragdiom (Inlet 600 Deg. C.) / (Exhaust 850-950 DE9.
and in an oxidizing/corrosive environment.

E. Valve Seat
Wear resistance in contact with valve seats at sigface pressings, at temperatures ranging from
(Inlet 400 Deg. C.) / (Exhaust 700 Deg. C.) andnroxidizing/corrosive environment.

F. Back of Head - Resistance against an oxidizingbsove environment at temperatures ranging from
(Inlet 600 Deg. C.) / (Exhaust 850-950 Deg. C.).

Technical Manual, Issue 5, page 22 of 34



Standards Drawing
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Standards Drawingontinued -
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General Valve Failures

Fault Detection

There are many possible fundamental causes of Vailuee and it is the purpose of this site to exarthese
and trace some of the more common failures whichbeaattributed to operating conditions beyondctbrerol
of G&S Valves.

Head Fractures, Breakage's and Serious Distortion

Effect:
piece broken away from the valve head roughlghemshape of the chord
acircle.

Cause:
Very high cylinder pressure and valve temperaturegjrrect valve
material; etc. This problem is nearly always coedito exhaust valves.

Eﬁect:
Concavity or tuliping of the back of the valve hdptston side)

Cause:
Very high cylinder pressures and valve temperatin@srect valve
material.

Effect:
piece broken away from the valve head roughlynsagal in shape, or a
radial rim crack propagating inwards.

Cause:
Excessive valve temperature together with unequalireg or cyclic
engine loading.

Example:

Exhaust gas leaks past the valve seat, causiagxgand into an oval
shape, this creates Hoop Stresses in the valve A#tad a few cycles of
uneven expansion and contraction stress cracksdothe outer

edge of the seat, these cracks progress inward@sdswhe center of
the valve until they are approx. 1/4" inch longrthern 90 degrees and
grow around the valve head, when two cracks meetae of the seat
breaks off.
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General Valve FailureSontnued-

Valve Seat & Face Burning, Pitting, Guttering ara@sion

Effect:
Valve burnt out locally in a deep channel or gutter

Cause:
Poor seating due to cold sticking; lack of tappeax@ance; excessive carbon
buildup; misalignment; worn valve guides; pre-igmit etc.

Effect:
Wide areas of valve face burnt and blowing but
guttering.

Cause:

Poor valve seating in affected areas; worn guic
excess material removed from and during prev
re-facing operations.

Effect:
Badly pitted valve and valve seat faces, discovere(
early overhaul due to power loss or a burn out.

Cause:

Excessive oil consumption, incorrect mixture settin
producing a high level of solid particles or lorgripds
low power cold running.

Effect:
Exhaust valve underhead or back of head surfagesion.

Cause:
Excessive overload and overheating or incorredt fue
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General Valve FailureSontnued-

Valve Seat & Face Burning, Pitting, Guttering aram@sion(continued)

Effect:
hole burnt through the back of head in the undadradius, just behind the

seating face.

Cause:
This is another form of the radial rim crack (Hdadctures) or thermal

fatigue, burning through beyond the hard seat face.
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General Valve FailureSontnued-

Mechanical

Effect:
Valve head to stem breakage in the region of the
junction of the underhead radius with the stem.

Cause:

Excessive cyclic stem stresses brought about by one
or more of the following, valve bounce due to
overspeed or weak valve springs, seating velooiy t
high due to excessive tappet clearance or losalgév
retainer. Piston to valve collision due to overspee
incorrectly set valve timing or sticking.

Example's of breakages
r_____-maor;lg?ezgl = Effect:
Fatigue break.

Cause:

This is fatigue type failure caused by a graduebkdown of the
material due to excessive cyclic stresses, higinagt pressure and
excessive valve temperature.

Example:
A fatigue break normally shows lines of progresqmee picture).

Effect:
Impact break.

Cause:
This is a impact type failure (mechanical breakaigine valve).

Example:
A impact break normally shows radial lines (seayse).

Starling Point
of Break

Effect:
Valve stem breakage through collet groove.

Cause:

This type of valve is usually hardened through
the cotter grooves and is susceptible to failure
due to overspeeding or valve bounce.
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General Valve FailureSontnued-

Mechanical (continued)

Effect:
Excessive valve stem and guide wear.

Cause:
much valve stem to guide clearance; poor stémdation; poor stem to

guide alignment.

Effect:
Valve stem sticking or seizing.

Cause:

lack of lubrication; not enough stem to guide
clearance; bent valve stem; carbon build up at the
bottom of the valve stem, incompatible valve to
guide material.

Effect:
Exhaust valve seat wear.

Cause:
Incorrect fuel; valve seat misalignment; weak vapeings worn guides.

Technical Manual, Issue 5, page 29 of 34



Valve Retainers

G&S Valves is now able to produce a wide rangeat¥er retainers to the same high standards as thesvae
manufacture. From ‘one off’ prototypes, for engdevelopment, up to larger batchs sizes. We cangehtine
existing collet and manufacture a ‘new’ designiretaarrangement to give a better taper lock orvtee
assembly to enable it to withstand the new breddghf RPM engines.

Various materials are available, these includdgdhewing:

EN24
EN24 is a nickel chromium molybdenum steel recagphi®r its high tensile strength and toughness.

6082 T6 Alloy
6082 Alloy is a high strength alloy with good tongiss and corrosion resistance.

7075 T6 Alloy
7075 Alloy is used in the aerospace industry fghhi stressed components. Characteristic propestidss
material are a very high fatigue strength.

6AIl-4V (Grade 5) Titanium

Titanium 6AIl-4V is a high-strength, alpha-beta glohich is fully heat-treatable and is the mostsagite of the
titanium industry. Titanium is extensively usedhe aerospace industry and increasingly used iatbt@motive
industry in applications where weight or spacefacéors or corrosion is a problem.

AMS 6514D Maraging

Maraging AMD6514D belongs to the family of iron-kedsalloys, and is strengthend by a process of msitie
transformation followed by ageing. This materialrkwell where ultra-high strength is required &ad good
dimensional stability. Due to the fact that thistenal has such good mechanical properties andasiyithe
same volumetric weight as steel it is thereforesfimds to manufacture a small/thinner sectionedmetgie:
similar weight to a retainer manufacture from titem) but with the benefits of steel or where titaniis banned.

Some of the desirable properties of this material a

1. Ultra-high strength.

2. Minimum distortion.

3. Superior fracture toughness compared to quenah@édempered steel of similar strength.
4. Low carbon content, which precludes decarbuangtroblems.

Example of various types of retainers
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Mechanical Properties
Tensile Strength, Proof Stress & Creep Strength

Material Tensile Strength| 0.2% Proof Stress| Elongation | Creep Strength Hardness
(N/sg. mm) (Yield Strength) | after Fracture| (after 1000 h)
(N/sg. mm) (L=5d)"2 (N/sg. mm)
E %
EN24 - (817M40) 980 870 13 248 - 302 Brinell (HB
6082 - (T6) 340 270 11 200 95 Brink&lB)
7075 - (T6) 572 503 10 245 150 BrinelB)H
6Al-4V (Grade 5) 900 830 10- 18 36 HrC
AMS 6514 Maraging 2027 1,999 11 52 HrC
Thermal Conductivity
Material Thermal Mean Coefficient of Melting Point
Conductivity Thermal Expansion
W/(m.K) 10 exp(-6).K(-1)
EN24 - (817M40) 37.7
6082 - (T6) 172 20 Deg C 23[1 575 - 650 Dag
7075 - (T6) 130 20 Deg C 23/4 532 -635 Ddg
6Al-4V (Grade 5) 6.7
AMS 6514 Maraging 482 Deg C 10/1

% Chemical Composition

[ Material | C [ Si[Mn][NiJcrI[N]Ss]TPJcu]Fe[TiJ]A [Mo]JO2] V [H2[Mg]zn]Co]Ca] zr |

Wrought Steel (EN Series)

P - Phosphorus Cu - Copper

V - Vanadium

Fe -lron

H - Hydrogen Mg - Magines Zn - Zinc

Volumetric

Weight

Zr - Znium

EN24 [ 0.35(0.10{0.45| 1.30{ 1.00 0.04{0.04 Bal. 0.20
(817M40)[ 0.44 0.35[0.70[ 1.70[ 1.40 Max |Max. 0.35
Titanium Alloys
6Al-4V [<0.08 <0.09 <0.29 Bal.| 5.5 <0.2| 3.5 |<0.01
6.76 4.5
Aluminum Alloys
6082 - 7.00{0.40 0.25 0.10{0.50{ 0.10] Bal. 0.60{0.20
(T6) 1.3]1.00 1.2
7075 - (T§ 0.40(0.30 0.18 1.20 0.50| 0.20| Bal. 2.10(5.10
0.28 2.00 2.90/6.10
Maraging Steel
AMS65140 0.03]0.10/0.10| 18 |0.50 0.01{0.01{0.50]| Bal. | 0.50{ 0.05| 4.70 8.00{ 0.05| 0.03
19 0.80/0.15|5.10 9.50
C - Carbon Si- Silicon Mn - MangameNi - Nickel Cr - Chromium N - Nitreg S - Sulfur

Ti - Titanium Al - Aluminum MeMolybdenum O - Oxygen
Ca - Calcium

Material +/- 0.5

Grams

Volumetric Weight

6AL/4V (Grade 5) — Titanium -

4.42 g/cc x (16.383080lume)

EN24 (817M40)

7.84 gl/cc x (16.38706 x Volume)

6082 - (T6)

2.70 g/cc x (16.38706 x Volume)

7075 - (T6)

2.80 g/cc x (16.38706 x Volume)

225XE (Metal Matrix)

2.88 g/cc x (16.38706 x Volume

AMS6514D

8.04 g/cc x (16.38706 x Volume)

Technical Manual, Issue 5, page 31 of 34

)



Surface Treatments

Various treatments are available to enhance thahfl performance of your retainers, these indlele
following:
Titanium - Plasma Nitriding (Process 1001

Pulsed Plasma Nitriding allows high temperatureathegical
reactions to occur at low work surface temperatiPé&sma is
produced by applying high voltage through a lowspre gas
causing it to ionise, using this high energy (inarmally low

- temperature), plasma will diffuse nitrogen into theface of the
retainer. This process gives a hard case withfacihardness of

' >700 HVO0.05 over the exposed surface of betweeBQLBcrons at
0.050mm over core in depth, incorporated in thigded layer is a
TiN layer of between 1-3 microns, therefore theraat any
adhesion problems possibily associated with Tild hard coating.

The basic procedure for Pulsed Plasma Nitridingimets are as follows:

The retainers are washed to remove any traces afdimachining residues, they are then placedéntie
vacuum chamber in a manner that will permit thesipla to gain access to all of its important surfatase
furnace is then closed, the atmosphere in the chaimlevacuated to give a vacuum. A number of muegel
evacuations of the furnace atmosphere are madestoethat there is no residual air inside the disanA
voltage is then applied with a controlled gas migtio produce a plasma. This plasma is first tsegutter
cleaned and remove the passive layer on the susfabe titanium. During these stages the furnaee is
heated by both the furnace wall heaters and the@auntil the nitriding temperature is reach atohtstage the
load is held for a specific amount of time to alltve plasma to produce the required nitride capéhdét the
end of the nitriding cycle the retainers are theoled down in a vacuum. This type of treatment poed a
characteristic gold TiN color in the nitrided areasthe retainer.

Example of Process Procedure:
1. Initial heating

2. Sputter Cleaning

3. Nitriding

4. Cool down cycle

Maraging Steel - Age & Plasma Nitriding (Process 1)1 Typical micrograph showing case (500x)
Pulsed Plasma Nitriding allows high temperatureathegical reactions to
occur at low work surface temperatures. Plasmaodyzed by applying high
voltage through a low presure gas causing it teserusing this high energy S At
(but thermally low temperature), plasma will difeusitrogen into the surface o

the retainer. This process gives a hard case vathface hardness of >900

HV0.05 over the exposed surface of 0.10mm ovez sodepth.

The basic procedure for Pulsed Plasma Nitridingimets are as follows:

The retainers are washed to remove any trace$ ahdimachining residues, they are then placedéntie
vacuum chamber in a manner that will permit theipla to gain access to all of its important surfathas
furnace is then closed, the atmosphere in the chamlevacuated to give a vacuum. A number of muegel
evacuations of the furnace atmosphere are madestoethat there is no residual air inside the daanmA
voltage is then applied with a controlled gas migtio produce a plasma. This plasma is first usegptitter
cleaned and remove any passive layers on the surfabe maraging. During these stages the furloackis
heated by both the furnace wall heaters and trar@auntil the ageing temperature is reached, atwdtage the
load is held for a specific amount of time to allthve required aged properties to be achived. Alfterageing
process, the furnace then proceeds to the nitridingperature and is held for a specific amouninoé to allow
the plasma to produce the required nitride case.

Note: Maraging shrinks per liner inch on aging gnolws per surface at a rate of approx 3/4 of difflugzone
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Surface TreatmentSontinued -

Maraging Steel - Age & Plasma Nitriding (Process 1)l- continued -
At the end of the nitriding cycle the retainers lren cooled down in a vacuum. This type of treatinpeoduces
a slightly grey appearance in the nitrided areathemnetainer.

Example of Process Procedure:
1. Initial heating

2. Sputter Cleaning

3. Aging

4. Nitriding

5. Cooldown cycle

EN24 - Plasma Nitriding (Process 1P

Pulsed Plasma Nitriding allows high temperatureathegical reactions to occur at low work surface
temperatures. Plasma is produced by applying hojflage through a low presure gas causing it tesgniising
this high energy (but thermally low temperaturdéasma will diffuse nitrogen into the surface of tie¢ainer.

The basic procedure for Pulsed Plasma Nitridingimets are as follows:

The retainers are washed to remove any traces afdimachining residues, they g
then placed inside the vacuum chamber in a mahaéemtll permit the plasma to
gain access to all of its important surfaces. Tuadce is then closed, the atmospl
in the chamber is evacuated to give a vacuum. Abaurof purges and evacuation:
the furnace atmosphere are made to ensure thatitheot residual air inside the
chamber. A voltage is then applied with a contbligas mixture to produce a plas
This plasma is first used to sputter cleaned anbwe any passive layers on the
surface. During these stages the furnace loadatetidy both the furnace wall
heaters and the plasma until the nitriding temjpeeas reach at which stage the Ic
is held for a specific amount of time to allow fflasma to produce the required
nitride case. At the end of the nitriding cycle th&iners are then cooled down in
vacuum giving a slightly grey appearance in thedet areas on the retainer. This
process gives a hard case with a surface hardhe$90 HV0.05 over the exposec
surface of 0.10mm over core in depth.

Example of Process Procedure:
1. Initial heating

2. Sputter Cleaning

3. Nitriding

4. Cool down cycle

Alloy - Hard Anodizing
Sub-Contract Process
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Contact Information

Address
Alder Works,
Catteshall Lane,
Godalming,
Surrey,
England.
GU7 1JS

Technical
Contact:Andrew Grenside

Sales
Contact:Sue Styles
Andrew Grenside
E-Mail: GSValves@aol.com E-Mail: GSValves@aol.com

Phone #+44 (0) 1483 415444
Fax =+44 (0) 1483 426891

Phone 44 (0) 1483 415444
Fax :+44 (0) 1483 426891

Accounts
Contact:Amelia Reids

E-Mail: GSValvesacc@aol.com

Phone +44 (0) 1483 425907
Fax: +44 (0) 1483 426891

Directions
To get to G&S Valves Ltd.

From M25 (Junction 10, A3),
travel south towards Portsmouth (approx 11 miles),
past Guildford,
exit at Compton (B3000),
through Compton to a mini roundabout (approx. 2a)il
turn right (A3100) to Godalming,
turn left (approx. 1-1.5 miles) into Catteshall Bpa
turn left at mini roundabout into Catteshall Laapgrox. 1 mile),
G&S on the right just around the corner.
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