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EXECUTIVE SUMMARY

This report contains the results of a comparison of ride quality
data collected on Metroliner Cars 850 and 855. The comparison 1is
made in terms of standard deviations and peak values of the
recorded lateral, vertical and longitudinal acceleration and in
terms of the International Standardization Organization ride

quality standard.

REVIEW STATEMENT

This report is intended for engineers and computer specialists

who are concerned with ride quality evaluation.
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I. DATA COLLECTION

Ride quality data was collected on May 6, 1975, on Metroliner
cars 850 and 855. The test zone was between Baltimore and
Washington, milepost 95 to milepost 27. With the Portable
Ride Quality package (PRQ) in car 850, a southbound run and
northbound run were made over the test zone. Similarly

a northbound and a southbound run were made with the PRQ in
car 855. The speed profile for the southbound run with the
PRQ in car 850 is shown in Figure 1. The consist configura-
tion was with the 850 car leading the 855 car. Figure 2
shows the speed profile and the consist configuration for
the northbound run for car 850. The corresponding informa-

tion for car 855 is shown in Figure 3 and 4.

Seund level measurement inside the vehicles were also taken

during the rumns.

IT. DATA POST PROCESSING

The PRQ package records on magnetic tape the output of three
linear and three angular accelerometers. In a play-back mode

of 6peration the system provides analog signals with the

following voltage scale.

Channel Acceleration Type Scale
1 Roll S 3 Rad/Sec2 = +#10 volts
2 Pitch +]1 Rad/Sec2 = +10 volts
3 Yaw L« +]1 Rad/Sec2 = 10 volts
4 Vertical ‘ +1G = 10 volts '
5 Longitudinal +1G = %10 volts
6 Lateral +1G = £10 volts

The data was digitized using 100 Hz anti-aliasing filters and

256 Hz rate. A 12-bit word is provided in the digitizing process.



The digitized data was used to generate plots of the raw data
for all four runs. From this presentation of the raw data and
speed profile information segments of data for data reduction
were selected. For the northbound runs, the data collected
between milepost 36 and milepost 40 were reduced using the
standard ride quality data reduction program. The output from

this program is given in the Appendices.
The dutput of the program consist of

- Histogram Summary
Standard Deviation
Probability Density Estimate
Distribution Function Estimate
RMS Acceleration Plot

International Standardization Organization
(IS0) Ride Evaluation Format :

e Power Spectral Density Plots

® o e 8 @ o

A summary of the results of the data reduction are shown in
Table 1. The table contains the standard deviation for the

three linear accelerations, information on peak values and

IS0 Reduced Comfort limits.

The information on peak values of the acceleration levels is
presented in the form 99% confidence levels and 95%. The

- ISO data provide the exposure times based on the reduced

comfort criteria and the frequency band which produced the

‘exposure time. In all cases, the 850 car produces better

ride quality performance than the 855 vehicle.

For the southbound run, the data collected between mileposts
83 and 87 were selected for data reduction. A summary of the
results are given in Table 2. In all ¢ases, the 850 vehicle
provided better ride quality performance than the 855 vehicle.

Table 3 presents the sound ievel measurements taken during the

run and a list of tapes used and records processed.
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Table 1
NORTHBOUND RUNS

Vertical Longitudinal Lateral
St. Dev:
850 | .0307 g's L0142 g's L0242 g's
855 .0453 g's .0261 g's .0291 g's
99% Confidence Level:
850 .5% -.105 g's -.048 g's -.073 g's
99.5% .088 g's .038 g's .058 g's
855 .5% | ©-.139 g's -.072 g's  -.0824 g's
99.5% K 134 g's .069 g's .083 g's
' 95% Confidence Level:
850 '2.5% ' - -.069 g's -.038 g's -.056 g's
97.5% .05 g's 018 g's .038 g's
855 2.5% . ~-.095 g's -.056 g's -.062 g's
g's .046 g's .056 g's

97.5% .083

ISO Data - Reduced Comfort Limits

850 Exposure Time (Hrs) 4.0 24.0 13.8
~ Center Freq. Band 5 Hz ' 1 Hz "2 Hz
855 Exposure Time (Hrs) 2.6 24.0 9.2

Center Freq. Band 5 Hz ‘ 1 Hz 2 Hz



850
855

850

855

850

855

850

855

(%adég%;@&.)%AdQ&&ﬂ/%é@

Vertical Longitudinal Lateral
St. Dev:

.0273 g's .0134 g's .0242 g's

.0399 g's .0262 g's .0298 g's
99% Confidence Level:
.5% -.096 g's -.046 g's -.077 g's
99.5% 077 g's .024 g's .063 g's
.5% -.113 g's -.072 g's -.083 g's
99.5% .106 g's .067 g's .086 g's
95% Confidence Level
2.5% -.06 g's -.036 'gs -.056 g's
97.5% 044 g's .011 g's .039 g's
2.5% -.084 g's ~.058 g's -.064 g's
97.5% .074 g's .066 'gs .086 g's
IS0 Data - Reduced Comfort Limits
Exposure Time (Hrs) 4,95 24.0 15.9
Center Freq. Band 5 Hz 1 Hz 2 Hz
Exposure Time (Hrs) 4.36 24.0 8.78
Center Freq. Band 5 Hz 1 Hz 1.3 Hz

Table 2

SOUTHBOUND RUNS
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Metroliner Truck Test RG-125.1

6 May 1975
Table 3
Sound Level Recordings Channel: A B C
Union Station Car 850 65 db- 73 db 82 db
Car 850 Southbound (90 mph) 68 81 91
Car 855 Southbound (MP 40) 68 74 85
Car 855 Southbound (MP 50) 70 76. 83
Car 855 Southbound (MP 78) , 70 79 92
Car 855 Northbound (MP 95) - 65 75 - 83
Car 855 Northbound (MP 50) 68 75 88
] : Recbrds
Test Tape Analog Tape Digital Tape Contents Processed
1 TCA 023 MIS 008 Calibration -
1 TCA 023 MIS'011 South Car 8590 2482-2610
1 TCA 023 MIS 012 North Car 850 3207-3335
2 TCA 024 MIS 010 South Car 855 3455-3583
2 TCA 024 _ MIS 009 North Car 855 3143-3271

.t
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HISTOGRAM SUMMARY Page 1

Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
Southbound Run TTA 023 Car 850 RECS: 2483-2610
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- ' HISTOGRAM SUMMARY ~ Page 2

Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz

! Southbound Run TTA 023 Car 850 RECS: 2483-2610
| VOLTAGE ROLL FITCH YA VERTTCAL LONGITUDINAL LATERAL
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PROBABILITY DENSITY ESTIMATE Page 3

Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
Southbound Run TTA 023 Car 850 RECS: 2483-2610
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PROBABILITY DENSITY ESTIMATE Page 4

Metroliner Truck Test, RG-125,1, 6 May 75, 256 Hz
Southbound Run TTA 023 Car 850 RECS: 2483-2610
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PROBABILITY DUNSITY BSTIMATE ' Page §

Metroliner Truck Test, RG-125.1, 6 May 75, 256 [lz
Southbound Run TIA 023 Car 850 RECS: 2483-2010
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Metrotiner Truck Test,

Southbound Run TIA 023 Car 850 RE

SETY BSTIMATE

RG-125.1. 6 May 75, 250 Hz
S 2483-2010
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: PROBABILITY DENSITY ESTIMATE Page 7

: 1 . . Metroliner Truck Test, RG-125,1, 6 May 75, 256 Hz
i : Southbound Run  TTA 023 Car 850 RECS: 2483-2610
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DISTRIBUTION FUNCTION ESTIMATE

Metroliner Truck Test, RG-125.1. 6 May 75, 256 Hz
Southbound Run TTA 023 Car 850 RECS: 2483-2610
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DISTRIBUTION FUNCTION ESTIMATE Page 9
Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
,‘ _ Southbound Run TTA 023 Car 850 RECS: 2483-2610
) ABSCISSA L ROLL ABSCISSH 2 PITCH YR VEET (G's) LoNG. (G's) - LAT.(G's)
Rad/3ec/Sec Rad/Sec/Sec (§ G's) :
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DISTRIBUTTON FUNCTION TSTIMATE . Page 10

Metrotiner Truck Test, RG-125.1, 6 May 75, 256 Hz
Southbound Run TIA 023 Car 850 RECS: 2483-20610
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DISTRIBUTION FUNCTION ESTIMATE

Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
Southbound Run  TTA 623 Car 850 RI 2483-2010
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Metroliner Truck Test, Ru-125.

Page 12
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FE Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
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Metroliner Truck Test, RG-125.1, 6 May 75, 250 fz
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Metroliner Truck Test, RG-125.1, 6 May 75 256 Hz Page 14
Southbound Run TCA 024 Car 855 RECS: 3455-3582
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. ’ Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz ' Page 16
Southbound Run TCA 024 Car 855 RECS: 3455 3582
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ACCELERATION

Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
Southbound Run  TCA 024 Car 855 RECS: 3455-3582
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Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
Southbound Run TCA 024 Car 855 RECS: 3455-3582
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‘ Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
| Northbound Run TTA 024 Car 855 RECS: 3144-3271
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PROBABILITY DENSITY ESTIMATE Page 3

Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
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| PROBABILITY DENSITY ESTIMATE Page 4

i ; Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
Northbound Run TTA 024 Car 855 RECS: 3144-3271
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Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
Northbound Run TTA 024 Car 855 RECS: 3144-3271
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Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
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DISTRIBUTION FUNCTION ESTIMATE Page 9
‘ Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
' Northbound Run TTA 024 Car 855 RECS: 3144-3271
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Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
Northbound Run TTA 024 Car 855 RECS: 3144-3271
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DISTRIBUTION FUNCTION ESTIMATE . Page 11
Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz
Northbound Run TTA 024 Car 855 RECS: 3144-3271
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- A Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz :
Northbound Run TTA 024 Car 855 RECS: 3144-3271
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o Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz Page 14
i Northbound Run TTA 024 Car 855 RECS: 3143-3270
- ISO Bands - RM35 ACCELERATION IN G S
'} CENTER FFER LOMGITUDINAL LATERAL UERTICAL CENTER FREE. LONGITUDINAL LATERAL UERTICAL |
’ LB e.@o@@a . LB. Q. De3L: @.00533
1.0 HZ EU 0.¢ . 100 HMZ EU 9. 8. 0e21S
} uB 5. BORIE - UB . @ &, 01020
f LB 0. 00223 LB B, 2. 026337
1.3 HZ  EV Q. 12.5 HZ EU @1 9. 00355
UB . UB 8.9 0.01207
] LB LB 0.8 @.91140
! 1.6 HZ . BY 16.9 HZ EU 0. ©.01420
i LB UB Q. 0.01671
: LB . LB @ 9.00450
2.9 HZ BJ 20.:6 HZ EU ¢ e
. )} UB © 2. G063
i LB ©.00319 o.00018 - LB ©.0R347
! 2.5 HZ EU 0. 0e592 0. 00596 5.0 HZ | EU & 0. 00431
! UB 9. 08773 0.012657 1B e 8. 0501
LB 0. 00152 @, 00423 ' LB 8.0
3.1 HZ EU 9.00478 5 33 AL.G HZ EV ?.4 . 9.00553 ¢
o UB C 0, 80REs UB 9. O545 B, Q74 o
Ed LB CR.Pe1Ie 8. LE . ©.99360¢ © 0.28371 ©.00697
! 4.0 HZ  EU Q. 00421 0. 40.0 HZ RV 0. 00435 0.00435 - 0.00921
; LB ?.08553 8.¢ B 9. POSER 2.00493  : 2.91160
coo LB 2.00232 . 0D.¢ LB ©.00391 ¢ 9.00400 S 0.90493 ¢
Ly 5.0 HZ EU 0. PO503 9.t 50.6 HZ EY 3. 00433 8. 00443 2.09564 O
P UB o.09821 . o. LB 2. D4R 0. OE492 9.00623
. LB . 0.00232 1 0.¢ LB 2. 0O402 2.00521 i
N 6.3 HZ EU @ DL PO5SE 2. 63.8 HZ EU 0. 00452 S B.P0653 ¢
| LB . Q. 9073 8. UB 0. 00457 0. 00763
; LB .9, Q0360 B.0000a 0. 00564 - LR @, Q0356 @. 20414
8.0 HZ EU 9. 01854 9. 60052 0.00770 - 82.0 HZ EVJ ?.2P9325 ©.20453
B 2. 01550 2.91235 0. e95R UB @. 50430 8. P57
,“
|
" . 1SO Bands- FMS ACCELERATION IN M/S2
LE 0.02052 0. 0OEe0 : LB 0.031651 2. 95275
J 1.0 HZ EU 0. 04353 0. G733 10.8 Hz EU 9. 53 ©.97336
UB @. 35004 2. OE2ES : UB 9. a.1eee3
1 LB 9. 00000 B, o191 . LB 2.@ 2. 26853
! 1.3 Hz RJ 9. 05339 0. 85495 - 1.5 HZ = 6. 676599 0,09670
: B ; B.07313 9.07457 : . 1B B, 99234 @, 118
LB 8. 91423 el o) 9.095923 : LB &, BITE4 ©.11175
1.6 HZ EU 8. 02076 @.P5143 0.99387 . : L 16.8 HZ RV 0. 124904 o. 14024
| I (1):8 0. 2558 @. 03411 9.11754 : UB @. 14573 @. 16364
: LB 0. P1I7E ?.02303 0.04432 : _ LB Q.D47E3 0. @, 04703
] 2.0 MZ EY 9. 02093 @. 06373 9. QoBST : 20.6 HZ EUJ a1, 9579 0. Q. 05853
):; 0. 02610 @. 087 6.12377 N uB 0. PE6T3 9. @. OCEeR
) LB ©.01420 8.03124  © 2.08L75 : ’ LE . @ 6. 03401
i 2.5 Hz  EJ @. 02213 0. 05200 0.05787 25.9 HZ EJ 3. 0. 94511
| UB : 0. BT @. 2755 ' B.12425 ‘ UB B.) &. D553
‘ LB 8., QLET, 0.21458 9.04153 LB . _0.¢ . B.REET2
3.1 HZ EU 0,057 0. 04657 ©.93163 ; 3.5 HZ EJ Q. &.07ae2
\ UB 9. 9116 G, PRaSs 9. 16754 . UE: 9.9 0. GEgE
] LB : 0. 314976 ©.p1924 . 0.05194 . LB G, Q.ce
C 4,8 HZ EY- 9. 07503 2.04173  0.97529 . 46,0 HZ EV a@. Q. @
UB ©. 03689 @.05513 Q.57 73 : UB 8.¢ @.0 ..
. LB . 0. 02443 ?.02270 . 0.00000 . LB 6. £ o ©.024823
1 5.0 HZ U ! 0. 035985 6.853156 . 9.20373 ER S@.e HZ - EU . - G, P55E5
; UB i 0. P45 0.05053 . .33 PR UB 2. 0. H45E2 @. 06113
: LB Q6287 2.02341 | 9.953113 : LB ?. 0.04122 0.05731
6.3 HZ EU 0. 05074 0.95745 0.17029 . £63.86 HZ EV o 0. 04556 2. PEOL,
: LB 0.PESH5 - 0.BTTER @.23476 . ¢ B 2. ¢. 21895 9. PESHT
\ LB ©.08425 | ©.e000 - 0.eEnZ7 ¢ LB 2. D4 @, 34060
‘ 8.8 HZ  EV 6. 12294 0. B34ER 9. Q7552 : BELO HZ EJ Q. 9.0 @. 04541
- UB ©.15203 9.12103 0.0 : uB 0.0 0. 04145 0.84975
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‘Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz Page 15
Northbound Run TTA 024 Car 855 RECS: 3143-3270
TIME LIMITS
EXPOSURE LIMITS
LATERAL UERTICAL CENTER FRER LONGITUDINAL LATERAL VERTICAL -
24. 0K 24. R00e LB 24.00000 24, 00002
24, 24.00000 10.6 HZ EJ 24, COORO 24.@'33"0
24. 0@@@0 24. 20000 1B 24,0000 :
LE 24.
12.5 HZ EU 24,
UB 24.
LB 24
16,0 HZ EU 24,
UB o4
LB 24, PORZG
. 153 20.0 HZ EU 24 . PROCH
4. PBORB UB 24, PR0REG
24, GRROR LB
25.0 HZ EU
UB
. LB
31.5 HZ EU
UB
24. 20009- LB
2. DOBCO 4.0 HZ EU
24, PRORR UB
24, B0 LB
24, DOOSG 50.@ HZ EJ
16, f207S uB
. DRROG LB
@ 63.@ HZ EUJ
UB
LE
e 3 82.8 HZ EU
24. D000 UB
EXPOSURE. LIMITS
LONGI TUDINAL: LATERAL VERTICAL
24, 000DE 24, 20060 24, 00000
Center Freq (Hz):. 1 Hz 1 Hz 1 Hz
FATIGUE LIMITS
t ATERAL VERTICAL CEMTER FRER LONGITUDINAL LATERAL UERTICAL
24, 00ERE 24 . 00008 LB
: G 24, 0OROD 1.0 HZ EU
24, 2PR0D UB
24. 00000 LB
4.€ 5 24. 20000 12.5 HZ EJ
54’ 60000 24, 20000, UB
24, QOEH 24. ERO0D LB 24, 00ROT
24, 00RO 24. 00000 16.9 HZ EU 24. QRa0d
24. 000G 24, 00020’ UB @ 24. 20002
4. 00000 LB 24, 00RO )
24. 00003 0.0 HZ EV 24.00000
4. 00003 UB 3
i 24. 00000 LB
. 24. 20000 25.9 HZ EVU
24. @uwe 24, PR UB
.omesee LB
HEOD 31.5 HZ EU
UB
LB
49.9 HZ EU
UB
LB
0.0 HZ EJ
1B
LB
£2.9 HZ EU
up
LB
B0.9 HZ EUJ
UB




J Metroliner Truck Test, RG-125.1, 6 May 75, 256 Hz Page 16
i Northbound Run TTA 024 Car 855 RECS: 3143-3270
C
‘ REDUCED COMFORT
]
[ CENTER FREG LONGITUDINAL:-  LATERAL VERTICAL : CENTER FREQ LOMSITUDINAL LATERAL VERT1CAL:
} LB 24. 00000 24. GO0 : LB 24.00000. 24.00000 20,2203
1.8 HZ EJY -. 24.900000 24. 00000 . 19.@ HZ EY - 24. 3. 24, 00000 12.24928
, UB 24, QDo 2. 42932 UB 24, D000 9.31a13
f ) LB LB | 24.00000 19. 47280
‘ 1.3 H2 EJ . TRITY 12.5 HZ EV 24. Q000D 12.85214 . .
) UB . TIERT LB 24. PROOY 10.05e01
LR 24, 000e0 . - LB 14. 26646
| , 1.6 HZ EU 3, 64442 13. 47493 16.8 Hz EV 10.82497
- LR £, 32576 10. 183586 o UB
o LB 24, 00006 24, 00000 & LB
2.9 HZ EY 9. 16373 1L, 14171 0 20.0 HZ EV
UB TOERTRET T UB
| | LE 24.00000 . LB
: 2.5 H2 EV 1@.51747 e 25.0 HZ EV
) UB 7.10867 | ¥f us -
: LB 2a.resy LB
-y 3.1 HZ RV 10, 36960 © 31.5 HZ RV
UB 7. 36434 < UB
3 ; LB 1562956 = LB
4.2 HZ2 EY 948190 7 48,0 HZ RV
: UB 7. 18926 B 1JB
v LB 24,00000, LB 24. OOV
! 5.0 HZ EV 2.6e0227 E0.0 HZ EU 24. D00
| UB t.4l78s v UB 24, 00002 -
I.B 1520595 : LB
, 6.3 HZ EU 3. 49569 - £3.0 HZ EY
! B 2.52042 T uB
| LR 14.49924  °© LE
8.0 HZ EV 921161 N 3.0 HZ EV
LB TUEREEZ . UB
i REDUCED COMFORT |
' LONGE TUDTNAL LATERAL VERTICAL
] EXPOSURE TIME (HES): 24.00000  9.16973 2.63227
i Center Freq (Hz): 1 Hz 2 Hz 5 Hz
ﬁ
i
)
i
) N
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ACCELFRATION Page 18
Metroliner Truck Test, RG-125.1, 6 May 75, 256 lz
Northbound Run TTA 024 Car 855 RECS: 3143-3270
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