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lntroduct1on'

This report addresses several changes which have been made to
the highway driving cycle described in the report entitled, "Develop-
ment of a Highway Driving Cyc]e for Fuel Economy Measurements," dated
March, 1974. o

Purpose:

The purpose of this report is to explain the reasons for modifying
the driving cycle and to summarize the characteristics of the updated
tabulation of the cycle.

Dbjective:

The objective of this report is to produce an amended speed versus
- time tabulation of the highway dr1v1ng cycle that is compatlble with
all chassis dynamometers _

Background:

The initial tabulation of the highway driving cycle was derived
- in a three step process. The speeds were read from the actual trace
at .1 inch intervals, each interval representing 1.5 seconds. This
file was recomputed by a linear interpolation to yield a file with
speeds for each .5 second interval. By deleting everfother point -
from this .5 second file, a tabulation of speed versus time was
constructed at 1.0 second 1ntervals

The character1st1cs of the various segments of the cycle were com-
puted from the "1.5" second file and were published as Table 3 in the
March, 1974 report on cyc]e development. .

Several organizations that have used the h]ghway dr1v1ng cycle
(1.0 second tabulation) reported that the initial acceleration and .
final deceleration rates were high enough to cause belt slippage on
dynamometers with belt-driven inertia welghts Calcu]ations show
that the rates were about 4.9 mph/sec.

. The MSAPC laboratory has had no ‘problems dr1v1ng the cyc1e on the
direct-drive dynamometers. However, our experience with the development
of the LA-4 on belt-driven dynamometers supports the problem cited
above. The accelerations and decelerations on the LA-4 were normalized
to 3.3 mph/sec or less to avoid the slippage and wear problems. -

This precedént has been applied to the highway dniv1ng cycle to-
- permit the use of this cycle on all existing equipment w1thout caus1ng
abnormal slippage’ and wear.
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It was also reported that a summation of the (1.0 second) speed
versus time list did not agree exactly with the values shown in
Table 3. "Although the differences were very small, this report will
summarize the characteristics for the updated speed-time tabulation.

Discussion of Amendments:

It was agreed among the engineers involved in the cycle development
that changes should be made only to the segments that were above the 3.3
mph/sec limit rather than a simple linearization to 0 mph at each end of
the trace. Table A shows the tabulations af the two versions to illus-.
trate which speeds were changed. Two seconds were added to the accelers
tion and a one second shift was made on the deceleration profile.

After these changes were made, a summation of the entire file
was computed for each segment and for the total cycle. This exercise
revealed the reason for the disparity between Table 3 and the summary
of the tabulated speeds. The values in Table 3 were computed from
the (1.5 second) file of speed versus time. Ih that file, two segments,
C and B ended on half seconds; therefore, these points were not shown ir
the (1.0 second) tabulation.

This difference and the fact that the composite of Table 3 is
simply a summation of the four segments produces a small variation in
the final numbers.

Because the official version of the highway driving cycle will be
the one second -tabulation of speed versus time, the appropriate summary
of characteristics should be based on this tabulation. This summary -
has been made.. The values have been shown in parentheses with the
previous values of Table 3 for comparison. Note that the average speed
is now based on total sample time rather than total driving time. This
value has no impact on the calculation of fuel economy.

, The value of major impact on the calculation of fuel econemy is
the total distance traveled. The new value of 10.242 miles differs

by + .16% from the prev1ous value of 10.225. This updated value re-
flects the increase in time and the changes in speeds made to normalize
.the acceleration and deceleration rates

Conclusions and Recommendations:

The changes which have been made to the highway driving cycle
should permit its use without problems. The updated tabulation dated
(Monday April 22, 1974) is recommended for adoption as the official
driving cycle- for highway fuel economy measurements.
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The magnitude of the changes which have been incorporated into
the updated version are not significant enough to invalidate any
tests which have been performed using the previous version. It is
recommended that previous measurements be accepted as valid and equi-
valent indications of highway fuel economy.



TABLE A

+ese+  EPA HIGHWAY FUEL ECONOMY DRIVING CYCLE - ++++s
' SPEED (MPH) VS TIME (SEC)

*+ e

ORIGINAL
CYCLE
MARCH 1974
SEC MPH
.0 SAMPLE ON
1 0.0
2 0.0 .
3 4.7 -
4 9.6
S 14,5
6 17.4
7 19.8
8 21.8
743  42.5
744 40.2
745 36.7
- 746 32.0
. 747 28.0
- 748 . 24,5
749 21,5
750 19.5
751 17.4
752 " 15.1
753 12.4
754 9.7
755 7.0
756 5.0
758 2.0
760 0.0
761 0.0
762 SAMPLE

OFF

AMENDED
CYCLE

MON APR 22/74

SEC

OCVENOVNPWN=O

745‘

746
747

. 748

749
750
751
752
753
754
755
756
157
758
759

760

761
762
763
764

'MPH

SAMPLE ON

0.0

NEW POINT

765 SAMPLE OFF

MON APR 22/74

L X R4

INITIAL .
ACCELERATION

. FINAL.
DECELERATION



TABLE 3

Characteristics of Composite Highway Driving Cyclex

Av

erage - Distance

Segment Elapsed
Lenght ' Speed - Traveled - Time S % Total
(IN) Segment (MPH) (Miles) (MIN) (SEC) Miles
( 0.13) - (1dle) ( 0.0 ) . (0.0 ) o2 ~( 0.0)
9.5 ( 9.60) B 41,157 (40.736) “1.629 ( 1.629) 2.375 144 15.93 (15.91)
11.5 (11.53) C 43.841 243.835% 2,101 é 2.107; 2.875 173 . 20.55 420.573
17.0 (17.00) A 56.096 (56.110 - 3.973 3.974) . 4,250 255 38.85 ( 38.80,
12.5 (12.60) B 48.421 (48.230) - 2.522 ( 2.532) 3.125 189 24.67 ( 24.72)
( 0.13) (1d1e) (0.0 ) , (0.0 ) 2 ( 0.0)
50.5. (51.0 ) Overall 48,595 (48.200) - 10.225 (10.242) 12.625 765 100.0% (100.0%)
Inches Total MPH Miles’ Minutes %$309gg)-' :

NOTE: Previous overall average speed did not include 4 second idle period.

*Values applicable to the amended version (Mbn. Aprillzz; 1974) are shown in parentheées.
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SEC MPH'  SEC - MPH  SEC MPH - 'SEC . MPH . SEC MPH . SEC MPH . SEC - MPH . . SEC MPH

400 ST.1 450 SB.2 ° 500 S4,7 S50 - 55.8 ' . 600 . 48,3 ' - 650 50,2 700 54,2 750 . 26.8
401 57.5 ©4S)] Y 58,1 501 S4,.6 551 6S5.6 601 48,0 651 5047 701 54.5 751 24.5
w02 57.8 . 482 58.0 502 S4.4 552 SHe4 . 6oz 4744 652 5.1 e $54.8" 752 21.5
403 5.0 . 4513 58,0 Sn3 S4,3 583 55.2 603 47,8 653 S1.7 703 55.0 753 19.5
L4 SH.0 454 S5H.0 S04 54,3 554 S5.1 604 47.7 b54 52.2 704 5S5.5 754 17.4
405 S8,0 45% HH.0 - 505 54,2 558 55.0 605 - 47.9 655 52.5 705 55.9 75S 1541
406  SA,0 456 S840 S06 Sa,l 131 S49 606 483 656 S52.1 706 56.1 756 12.4
407 SA.0° | 457" SH,0 507 Su,l SS7 54,6 607 49,0 657 51.6 707 56.3 157 9.7
408 $8.0 458 « 57,9 S04 S4,1 564 Su o 608 49,1 658 5l.1 708 56.4 158 7.0
409 57.9 459 57,9 509 54,0 S%9 54,2 609 49,0 659 51.0 ‘709 S6.5 - 159 S.0
410 57.8 460 SHW0 510 54.0 - 560 S4,.l 610 48,9 66D 51.0 710 56,7 760 3.3
41l 57.7 461 S8.1 511 S4,0 561 53.8 611 48,0 661 51.1 711 56.9. 78l 2.0
412 57.7 462 Sd.1 512 54,0 569 S3ets 612 47.1 662 Sle4 712 57.0 . T2 0.7
413 S7.8 - 463 58,2 513 54,0 563 53,3 613 46,2 663 S51.7 713 S7.3 . 763 0.0
ISR 57.9 Lbd SH.3 Sl 54,10 564 S3.1 6la 46,1 664 $52.0 714 S7.7 764 0.0
415 SH.0 465 5843 515 HYa,0 569 5249 615 46,1l 665 S2.2 715 5842 ‘ 765 SAMPLE OFF
416 54,1 466 S5K,.,3 516 S4.0 566 ° 52.6 . 616 46,2 6606 52.5 716 Sy.8 -

417 55.4 INY4 8.2 517 . Su4.l 8867 S2.4 617 46h.9 667 2.8 717 - S9.1 " MON APR 22/74
418 8.9 468 56.1 Sl4 54,2 568 52.2 . 6lb 47.8 668 5247 718 59.2

419 59,1 4h9  SB.0 519 54,8 569 52.1 619 49,0 669  52.6 719 59.)

420 59,4 470 STl 520 54,48 570 5240 620 49,7 670 52.3 720 SH.8

4zl 59.8 471 57.% 521 54.9 571 S2.0 621 50,6 671 52.3 721 - 58.5.

4e2 59.9 4172 87.1 S22 55.0 572 52.0 622 51.5 672 52.4 722 58.1

423 $59,9 473 $7.0 %23 5%.1 573 5240 - 623, 82.2 673 525 723 7.7

42u 59.8 474 56.6 . 524 5.2 574 S2.1 . 624 S2,.7 674 52.7 124 57.3

425 69,6 4175 S56.1 525 552 PYA 52.0 - 628 53.0 675 527 725 5741

426 S9.4 . 476 5640 26 5%.3 576 5.0 626 53,6 676 H2.4 726 56.8 -

uer 5%.2 . 477 55,8 5217 55.4 5717 51.9 627 54,0 . 617 52.1 727 . 56.5

L2728 S%9.1° 48 55.5 5248 55.9 - S7AR 51.6 628 S4,1 678 . Sl1.7 728 56.2

429 59.0 479 H5.2 5249 5546 5179 5l.4 6724 QU 619 slel 129 55.5

430 S58.9 L4AN 55.1 530 55.7 Sun 51.1 630 54,7 680 - %0.S 730 S54.6

431 SH.7 4K} 5%.0 531 55.8 - SKY Y07 631 59%.1 oul 50.1 731 S441

432 58,6 4u2 54,9 . 532 . 5%.Y - 882 SU.3 632 5S4 682 49,8 732 53.7

433 5R,.S 4Bl 56,9 $33 56,0 SH3 49.4 633 55,4 . 683 . 49,7 7133 53.2

434 5d.4 444 5449 534 56,0 SE4 49,2 634 5%.0 . 684 . 49,6 . 734 529

435 SRe& QHS 54,9 538 5t.0 Sus 4.7 © 639 54,5 685 49,5 - 135 52.5

43k SH, 3 4R6 S4,.49 536 556.0 . 546 48,2 636 53,6 66 49,5, 736 52.0

437 58,2 3.4 54,9 5137 56,0 SH7 48,1 6317 52,5 687 49,7 737 51.3

438 5H.1 LKA 55.0 53R S6,0 SP3 48.4 638 50.2 648 50.0 738 50.5

439 SR.0 4H9 55.0 539 S6,0 HYHY 43,0 639 44,2 649 S50.2 739 49,5

Ly 57.9 C 4490 55,0 540 56.0 540 4.1 - 640 46,5 690 5046 740 - 48.5

Hal 5749 44l 85,0 . 561 5640 ) 591 4He 4 64l 462 691 ‘51.1 C 741 47.6

443 §7.9 = 492 55,0 542. 56.0 592 48,9 a2 46,40 . 692 51.6 742 - 46,8

443 57.9 [k 5.0 543 56.0 593 49,9 643 46,0 693 51.9 743, 45,6

Lot * 57,9 Hhy4 55.1. S44 56,0 594 - 44,1 644 4K,3 694  52.0 144 44.2

445 SH.0 4495 55.1 545 S6,0° 599 4941 - 645 LAY 695 521 745  42.5

4466 SR.1 - 49% 55.0 S46 56,0 594 49,0 646 47.5 696 52.4 746 39.2

447 SHe1l 497 54,9 S47 55,9 597 49,0 ba? 43,2 697 52.9 747 35.9

448 SR,2 498 S4.9 S44d 55,9 ' 5693 48.9 648 43.8 694 $3.3 748 32.6

449 , 58,2, 499 S6.8 549 55.9 599 48.6 649 49,5 699 = 53.7 749 29.3'



