
INDEX
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A

A-arm 14f

absorber, resonant 86

absorbing of shocks 1

acceleration sensitive valves 240, 244f

adaptive dampers 42,296–301

adjustable dampers 20, 33f, 289

adjustable, electric 33f

adjustables, rotary 250–253f

aerodynamic ride stiffness 125

air suspension 31f, 32f

properties 375–378

aircraft oleo damper 241f

Andre Telecontrol 11f

Andre–Hartford scissor 5f

Andrex oil bath 7f, 8f

annular area of piston 269, 315e

anti-roll bar stiffness factor 94–95

Arcton damper 180f

area coefficient 204, 291, 293f, 295

Armstrong double telescopic 15f, 20f

lever arm 18f

asymmetry of force 129e

automatic valves/dampers 295–299

axle vibrations 122

inclined dampers 167f

B

Belleville washer stack 222

bellows valve 252

bend losses in pipe 200

Bernoulli’s equation 188–189

Bilstein 33f

bimetallic strip compensator 238f–239f

Bingham flow 212, 318f, 397–400

Bond number 187e

BSA Telefork 40f

bubble rising speed 188e

shape 187

distinguishing diameter 187e

size, N molecules 179

surface tension pressure 179

velocity coefficient 188

bubbles, appearance in liquid 181, 187

bump camber coefficient, struts 153

wishbones 153

bushes, see also mountings

amplitude effect 71

asymmetrical 44–45f

C

Campbell 32f

cavitation 274–276

characteristic equation, damped 103

undamped 97

Chrysler Oriflow damper 262f

Citroen air suspension 31f

coil inductance 329

Colebrook diagram 194f

Colebrook’s equation 194e

colloidal ferrofluids 216

compliance in series, see also

series stiffness 43
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compressibility effects 276–278

related to acceleration 277–278

compression velocity 260

configurations of damper 17–33

continuity, principle of 188

continuous velocity pick off 356

cost effectiveness of active valve 296

of damper specified 335

Coulomb damping 74–77

on ride height 76

damping 74–77

friction 15

creeping motion 268

cubic equation solution 386–389

CVP 356

cyclical characteristics 278–282f

D

damper characteristics, main

parameters 259

matching, of pairs 357

model, polynomial 141

models in ride 88

listed 88

optimisation 129–132

specification, listed 333

damping asymmetry 126, 131–134

coefficient C 66e, 67

coefficient required 67, 126

factor a 66e, 67

ratio z 67, 68e

from motion trace 68e

optimum 67

DampMatic 249

Darcy–Weisbach equation 193e

data processing in testing 347–348

de Carbon telescopic 25f

de Guzmann-Carrancio 174e

Delco ride levelling 35f

Delco-Lovejoy 22

diameter specified 334

diffuser 202

loss factor e 202

recovery coefficient zR 203

disc valve 219f, 220f

discharge coefficient Cd 203–207

as K 205

with cavitation 206e

discomfort loop 128f

passenger 111, 112f, 113

tyre 111–116

displays of F(V) curve 261f

double piston 288f

telescopic 15f, 16f

wishbones 150–153

double-acting shim valve 249, 251f

double-tube damper 23f, 24f, 27f, 28f, 29f, 30f

drop test 47, 48t

drowned efflux 206e

dual path mounting 46f, 47f

durability testing 338, 357

dynamic index, pitch 91

pressure 192

E

Einstein’s equation 175e

electromagnetic damper 31, 35f

electromechanical testers 342

electrorheological, see also ER

electrorheological fluids 214t–216

elliptic springs 1, 5f

emulsification 179–184

emulsified oil damper 26f

emulsion 179–186

compressibility 185f, 186e

density 181–184, 182e, 183f

viscosity 186e

end fittings specified 334

frequencies 88–89

energy dissipated per cycle 349

entry losses 200f

equivalent linear damping

coefficient 263

mass (compressibility) 278

ER controlled valve 319, 320f

ER damper 314–319

capacitance 318e

design 314f

fast switching 319f

fibrous microstructure 313

fluid properties 311

material model 314f

materials 309–314

mechanism of viscosity

change 312

stick slip 313f

evolution of damper, stages 1–2

exit losses 203

410 Index

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



expansion number (bubble) 187e

extension limiter, hydraulic 40f

velocity of damper 260f

F

fade 172, 239, 276

failure speeds 52

fast adaptive dampers 289

FBD of piston 270f

floating secondary piston 248f

fluid momentum 189–191

foam 180

force cancellation by resonance 351

forced vortex 210

force-momentum analysis of valve 190

force-velocity curve specified 334

Foster snubber 4

free body diagram of piston 270f

free vortex 210, 211f, 212e

frequency domain ride analysis 117

frequency ratio 71e

of highest T 73

sensitive valves 245

selective damping 249

friction force 268e

types, listed 15

mechanical 265

piston, rod, seal 265, 266

strut 266, 267

front girder fork 159f

leading link 158f

trailing link 157f

froth 180

FSD 249

Fuchs 17, 21

Fukushima 52, 129f–131f, 246, 247f

G

Gabriel snubber 7f

gas absorbability in oil 177e

gas absorption coefficient CGA 178

volume coefficient CGLV 182

bulk modulus 177

compressibility 177

density 176e

force 268e, 269e

springing 19

stiffness 269e

viscosity 176e

general damper configuration 271

Girling Arcton damper 180

Greeves dry friction 6f

Guzmann-Carrancio 174e

H

Hadamard 188

Hagen-Poiseuille equation 193e,

254, 255

handling qualities of vehicle 120

straight line 120–121

QH 124–128

Hartford 3, 4, 5f, 6f

Telecontrol 4, 6f

head valve 257

heave and pitch undamped 2-dof 95

damped, 1-dof 92

undamped, 1-dof 90

model parameters 112f

with link compliance 139f

heave-and-pitch damped 2-dof

full analysis 102–104

damped 2-dof simplified 100–102

damped 2-dof, characteristic

equation 103

Heaviside D-operator 65, 96, 102

Henry’s equation 177e

Houdaille rotary vane 9f, 10f

human tolerance to vibration 115ef

Hydragas 20, 32f

hydraulic dampers, success factors 9, 11, 15

diameter 195

testers 344

Hydrolastic 20, 32f

Hydromat (Boge) 37f

I

induced velocity of vortex 210f, 211e

inlet edge radius, effect

on losses 200e, 206

instantaneous stroke 246f

instrumentation for testing 345

in-use thickening (MR) 323

iron pentacarbonyl 321

ISO 2631 115
IUT 323

J

jacking force 286–287
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K

Kendall’s equation 175e

Kinchin and Stock 17f–22f, 43f–45f, 55

Kindl 55, 244f

kinematic viscosity 173e, 377e

kinetic energy correction factor 198t, 315e

knee of F (V) curve 12, 140e, 228f, 232

Komamura and Mizumukai 19f, 242f, 243f,

248f, 253f–254f

Koni 27f

L

Lancia Lambda pillar 12f

LDE 323

leaf spring friction 3f

springs 3f, 5f, 11

length range specified 334

lever arm, parallel piston 19f, 169

single acting 21f

life of damper specified 335

lifetime dissipated energy 323

liquid expansion compensator 239f

solid suspensions 212–214

literature review 54–60

loading function for tolerance 115e

Lovejoy hydraulic 12, 13f, 22f

Lucas parallel piston 13f, 19f

Luvax rotary vane 18f

M

magnetorheological, see also MR

magnetorheological fluids 59, 214–216,

321–324

magnification factor 70

Mannesman Sachs levelling 38f, 39f

manufacture 53

mass (load) variation 63

maximum area of valve 291, 292f, 294

mean damping coefficient 259, 263e

power dissipation 349, 350f

mechanical friction 265–268

minor losses 199

modal damping coefficient 101e

factor 101e

ratio 101e

frequencies 97e

inertia 100e

positions 99e, 100e

stiffness 101e

mode shapes 98e

momentum correction factor 99f, 198t

of fluid 189–191

Moody diagram 194f

Moody’s equation 194e

motion ratio adjustment of damping 301

displacement method 137–138

effect 139–142, 141f

installation 301

scaling effect 142t

motorcycle front suspensions 156–160

rear suspensions 160–165

mountings, see also bushes

mountings 42–47

MR damper coefficient 329

design 324f, 330f, 331f

analysis 327t

complete model 332f

magnetic circuit 325f

fluid properties v. solid content 322t

properties 322t

materials 214–216, 321–324

multi stage valve 257

N

Nikuradse 197

Nivomat (Boge) 37f

noise 287

O

oil additives 171

compressibility 172e

density 171e

properties 170t

listed 171

specified 335

surface tension 179

thermal capacity 175

conductivity 176

expansion 172e

vapour pressure 176e

viscosity 173–175

causes of 173

temperature effect 174e

on-road testing 357

operating range 130f

operating temperature range 170

optimum suspension damping 82, 124–128
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stiffness 125

orifice flow 203–207, 204f

orifices, combined 207–209

parallel 207, 208f

series 207, 208f

triple 208, 209f

Oriflow damper 262f

P

parallel hole 290, 291f, 294

piston damper 13f, 19f

passenger on seat 118–119

effect on vehicle 119

passenger-tyre discomfort loop 128f

peak velocity pick off 356

Penske racing damper sections 358f, 359f

Peterson 23, 55

piezoelectric valves 249, 250f

pipe flow 191

regime laminar/turbulent 192f

Reynolds number 191e, 192e

noncircular sections 195–196

friction factor f 194f

laminar pressure loss 193e

laminar/turbulent transition 194

turbulent pressure loss 192e

velocity profiles 196–199

piston and rod forces, listed 269

mass 270

seals 54

pitch vibration 121

Poisson’s ratio 283–284

position sensitive valves 240, 242f

position-dependent dampers 35, 240–243

Prandtl 197, 377e

pressure loss coeff K as Cd 205

pressure-rate valves 243–245f

pressures and forces 272–273

production quantity 1

progressivity factor 259, 264e

pullrods 155

purging 337

pushrods 155

PVP 356

Q

quartic characteristic equation 103

quadratic damping 77–79

equation solution 65, 385–386

quality factor (ER & MR) 215

quarter car model (repudiated) 111

see heave model

quartic equation solution 103e, 389–391

R

Rabinow patent abstract 305

range of a damper 53

ratio of damping ratios, heave

and pitch 93

frequencies, heave and pitch 90, 92

relative roughness 194

remote valve systems 42f

resistance reducing with length 205

resonant absorber 86–87

ride motions 49–50

quality QR 122

ride-handling compromise 121, 124–128

parameter fSRH 126, 127e

quality loop 125f, 126f

ride-levelling 33–35

rigid arm suspension 148–150

listed types 148

rim impact event 133

rising rate factor 144e, 147e

RMQ of Gaussian distribution 116

RMS of Gaussian distribution 116

road modelling 105–110

roughness, correlation of tracks 109–110

ISO model 106, 107f

reference spectral density 108t

spectral 106–110

sinusoidal 106

testing categories list 338

rocker design 142–148, 143f–145f

deviation angle 145e

rod valve 219f, 221, 222f

roll centre height, struts 155

height, wishbones 153

roll vibration 121

damped 94–95

undamped 93–94

rotary adjustables 250–252, 253f

S

safety certification 338

scalogram 288f

scissor action discs 3, 4f, 5f, 6f
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damper 129f

Scotch yoke 343f

seat, vibration isolating 118f

selection tables, high/low

damping 300t

semi-active dampers 289

series hole 290, 291f, 294

stiffness 79–85

settlement velocity 214e

shim valve 223–225,

223f, 224f

bending modes 224f

double acting 249–250, 251f

SI units 393–395

sink rate on dampers 105e

sinusoidal test theory 348–351

sliding forks 156f

pillar 12f

slow adaptive dampers 289, 299

snubber 4, 7f

solenoid actuator 251f

solution of equations 385–391

spatial frequency, road 106e

resonant 106e

specific damping coefficient 68

stiffness 67

Speckhart and Harrison 56, 240, 244f

speed, operating 47–53

spool valve 219f, 222f–223

F–M analysis 190

Stabilus anti-roll system 22f

steering dampers 21, 34f

static damper forces 268

steering damper 5f

problems 124

vibrations 124

Stokes’ equation 187e, 214

strain analysis 283–286

effect on cylinder

volume 286

negative axial 284

stress analysis 283–286

stroke, free and installed 135

sensitive valves 245–249

utilisation 135

operating 47–53, 52t, 53f

strut side forces 266, 267f

suspension 153–155

low motion ratio 154

front 29f, 30f

top mounting 46f, 47f

sudden contraction 201f

expansion 201f

supersaturated solution

gas-in-oil 179

surface roughness 194t

suspension workspace 114

liquid–solid 212–214

Sutherland’s equation 177e

T

Telecontrol 4, 6f, 11f

Telefork 35, 40f

telescopic damper, basic types 34f

conventional 23f, 24f

general form 37–42, 41f

standard 24f

temperature compensation for fade 237–239

effect 276

rise in testing 349

test procedure 352t, 352–354

sheets 381–383

testing categorisation list 337

thermal expansion of materials 172, 237

Thompson 128

time domain ride analysis 113–117

timetable, early development 7

transfer factor 131e, 259, 264e

transient response traces 339–341

testing 338–342

transients, acceleration 50

roll 51

transmissibility factor 69e, 70f, 71e, 72ef

greatest 73

peak 73, 73t, 74f

road to passenger 117f

triangular test 354–356

Truffault 3, 4f, 5f

tube valve 252, 255f

U

ultrasonic ride height measurement 57, 297f

units (SI) and conversions 393–395

V

valve area coefficient 291–295

characteristics listed 225–227

flow rates 271–272
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force–momentum analysis 190f

fully closed pressure 291, 293f, 294

fully open pressure 291

power dissipation 227e

switching speed 298

types listed 219–220, 219f

adjustable 290–294

area fraction open 233

variation with P 228

basic models 227–230

bellows 252

general model 231–233

in head 257

knee 232

linear analysis 273–274

multi-stage 257

piezoelectric 249, 250f

simple area analysis 218et

solution of flow rate 235–237

stages 232, 233f

transition pressure ratio 234e

region233

volumetric flow ratio 234

variable stiffness 295f

vortex 209–212, 246–249

valves in pistons 20f

vane damper, double acting 9f

vapour pressure 176, 274, 275

variable hole 291

stiffness valve 295f

vehicle ride damping coefficients,

CD0 etc. 102e

stiffness coefficients CK0 etc. 96e, 102e

velocities and forces 260, 261f

velocity coefficient 188e, 204

profile reciprocal index 197

vena contracta 201f, 204f

vibration, forced damped, 1-dof 71–74

undamped, 1-dof 68–71

free damped, 1-dof 63–68

2-dof 85–86

undamped, 1-dof 61–63

2-dof 85

viscosity of a mixture 175e

of a suspension 175e

kinematic 173e

von Karman 197

vortex 209–212

radial pressure gradient 211

strength 211

valve 246, 247f,

248f, 249

W

wall forces 285f

wallowing 67

Walther viscosity equation 175e

water, properties 379–380

wear 67, 168

Weisbach 193

wheel hop 119–120

white noise test 356

Winslow patent abstract 304f, 307

wishbone suspension 14f, 150–153

Woodhead emulsified 26f

Woodhead–Monroe telescopic 16f

X,Y,Z

zeitgeist, historical 2
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