A U
dLigrt Yruck Engineering

. PLCCRAN NEReAT

Date February 5, 1981

SUBTECT: Revised Stability Index for Utility

Chjective: :
Review alternatives to increasc stability indax,

ek
s submty index of Ranger vehicles 43 generally at or below mdhn levels to come
perable venicles (Attachzsnt I). 4 study of methods to inprove stability index for the
Brenco II has resulted in several design sltarnatives to ashieve an isprovement of
Bronco II stability index from 1.85 to & maximm ach.ir'ublo of 2.25 vithout & totally .
nev comcept vehicle,

4 H

The stucy reverlsed that increased zmszss or revised ccopozent center af gravity locaticzs
resulted in s=zall incresses in stability index, These types of izprovenents vere

not adop‘.ed as part of t-e final propesels, However, if these revisions were adopied,

they would be eciitive., Attacl-..ant IT provides details of thess effects. One adverse

effect found wes 2 reduciicn in stability index of 0.10 by adding 130# of luggege with

the RPO roof =ountad raci.

In order to i=rove stability index substantially, the follewing are required:
Nidened track widih i . -
Lower center of gravity achieved Ty raisizg the wheel center lines with the respect
to body with trade-olf's in ground clearance and vahicle package.

Discugeion: ’

Attachoent ITI describes Iive (5) altermatives to incresse the stabdility index. All pro-
posals assume the zexizus tire will be restricted to a P205 x 15. These proposals are
suzzarized as follews: :

Propesel 1

Inecreases .front track to 55.9" by *edaci:.g vheel affget 0.5". Increase rear track
.10 55,6" by insressing rear axle lemgth 1.5" and use the revised offset wheels, The
vehicle heigat will s reduced 0.5" in the fromnt by restricting jounce aad the reir rici
o owrd vi.u be reduced 0.5" by increasing spring rates. This proposal provides o
stability index of 2:C2. The offset wheels and freomt Tehicls height revisions can be
used on tha cuxrmeat P/U 4xk. The -ear height of t3e P/U bxb vill be reduced 0.5"
by revising the spacer height, This proposal results in a unique rear axle o
the Utility. Toe P/U kxk stability index is 2.01 with this proposal.

dedel Lyvestoent ece ¥edght  Iigirr
Ranger ixh - $(1.50) .04 1963
Bronce II $(4.,0 mdllden) . 4,00 (10.0) . 1983

Incroases freat toack 0 55.4" by leagthening froot axle 0.25% per cida and using the
reviced oifsat vheels in Prepasel I. ALl otker ckanges are the sws as Propc.:l I.
This results in a smhili‘cy index of 2.03 an the Eronco II. The increaced 102V
track in taic propesal will result in a 1.3" ngoy track" in the P.U lcxk. The P/L Lxh

stability index {s2.C2 with this preoposal.
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odel Investoent z’!,’f" Cost &}%g‘ht Tisine
. 1963.‘

Brenco II $(%.0 aillion) 4350 (11.06) 1983k

This proposal maximizes the venicle irsck with a gmall reductica in height. Thus,
providing maximm ground clearasce and cnly mimor body sheet metal tear-up., This
altarnative results in an index of 2,09, The change described in this proposal
would be unique to the Utility and could not be incorparated into the ixh for

Job #1, 1583, The required revisicms in this proposal ars widea fra=s sidercils,
revise front redius arm zrd axle length, and Tevise front axle carrier positiom o °
wviden track on both axles to 58.0". Investment ($10.1 =illlon); plece cost (£11.0%);
wveight (41.0#); timing = Job 42, 19337 (potential risk on releass and sa=ples),

voesl L . . )
This utili-es the sa=s treck incresse in Proposal 3 and a 1.36" height reluction.
The resulting stability irndex is 2.19. This proposal has rear body a~d seating jeciage
revisicns as vell ss incressed frane vertical cifset of 1.36" at the {ront and in-
croased rear frzze height by 1.38", The rear spring will have 2" of negetive cezber.
These c:znges could not be incorporated into the P/U Uxl for Job 41, 1983..
Invest=ent ($13.1 =4llicn); piece cost (S54.00); weight (L13.0#); tizirg - Job #1,
1983+ (potential =isk on releass axd se=ples),

»t .
Rescduces veaicle height.an edditicnal 1.0" froa Proposal 4 for a stabilfdy index of
225, Tnis proposal has zajor front axd rear sheet nstal revisions z=d results iz
e vehicle height caly 0.5 higher then a &kx2 pick-up due to 15" vs. 14" tires on
bxli vs, 4x2, Tals requires incressed frace vertical offget of 2.36" at the frozs
end 1.36% at the rear but with o 3" zsgative ce=ber of the rear spring. These
chanzes could not be inccrporated izto the P/U lxk for Job #1, 1983, Iavestaent
(£13.8 =4114cn); plece cost (S54.00); weight (113.04); timing - Job #1, 1983
(potential risk on release-and sz=ples). 4

T 1 E]
JLonersl Ooen Tesues: . _
Attac-=ent IV prcvides an opea issues list for the {ive proposals exi Ldantifies
the ozen protlems requiring detsdl study and rescluticn. Proposal 1.and 2 Lave
the fewes: issues with the vheel durability prove-cut end sign-off tizing telng the

post critical.

oGround Cleevences: ,
Attacz—ont V coopares ground clearances for varicus proposals and shows the priz=—y

trade-off's in approach and departurs angles vith the extremes of lovering the

vehicle center of gravity. .
oformonality: . . .

Proposcl 1 or 2 cex be incorperated in the P/U bxb for Job £1, 1983, Thece propocels
vill sesult in a uniqus rear axle for the Utility, _

‘111 other proposals result in sizmificant vehicle tear-up to incorparate thec inte
tho 3/U kx4 ead cannot be centaized within Job #1, 1933 P/U Lxk tizing.

-
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Reco—endations:
o Froceed vith Froposal 2 revisions to the Utility end the P/U xk to maximize
stability index and mset reascuable cost and tining constraints.

. ﬁnu ths roof mounted luggsge rack as an KPO dus to adverse effect cn stadility
=, ‘ .

o Establish and initiate a Joint Design/Develop=ent vork plan to achieve desired
lateral accelersztion gains in the Utility vehicle.

. 0NO0ONA01
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CTNTER OF CRAVITY AND STABILITY TNDFX COMPARTISCN

Canter of Cravity Stability -t
Tread Curb v/ Vertacal ~ indax Stand-4/
Tahizle 193] _!.:v.. joar vt. Horis. Bape/Opt. Base/0ot. Brvelope Cot., Tire
Pieiruas k2 . .
Sranrger 2/ 114,0 54.9 sk.6 © 2559 L6.0 24.8/25.6  2.21/2.18 - 6242 P185RIL/205
- Parcor 114.8 54,8 Sh. b4 2730 7.3 25.5 2.1h 6063 o FRIZ/T5RIL
~ Couricr - 112.9 52.5 4.5 ne 50.6 .8 2.57 6040 6.03z1%
- Townta 101.5 52.5 52.3 2493 L2 19.0 2.76 5319 7.00x14
- £100 133.0 6h4.6 6h.6 B8 59.2 25.9 2.49 8592 P235/ISR1S
Plevun byl . . .
Ko 2/ 14,0 54,9 sh.1 2051 . Mhs N./B.s 2./1.97 - &) P85mS/LT2S
~ fe:tzun S 111.0 52.8 51.0 h6 L. 9 20.u 1.03 5761 G78-1%
'« Teyota . 101.0 56.3 5541 2942 39.0 25.1 2.m3 5691 ‘ H70-15
- Tujota 110.2 56.3 551 2942 6.7 2h.9 2,24 6130 H73-15
- F1%2 132.2 €5.2 6.8 h02 55.9 .7 2.3 8593 P215/75315
. Dty ; s .
- brunco IT 2/ 9h.0 54,9 Sh.1 3002 §3.7 3.2/79.3 1.9Y/1.88 5123 P10SR1S/LT21S
a Jrnn €35 03.h 52,3 ° 0.6 2636 hah 21.5 © 2,19 o 073=15 o
- & 697 Remo. 93.6 I 5.1 o 13 h9,2 26.0 2.04 G5 L7C-1%
- I Ceous 100.0° €1.6 R 1205 (T ‘ 7.5 am 6100 10.00215
« Prze7l Sremco 92.0 ST.8 ° S7.M 3498 k0.0 2.8 . 2.1h . S0 Gri-15
- 80 Lronce 1087 65%.1 Gh.b 206 %0.0 6.7 FR3E TS L7C-15
- 80 trorco 10h.9 6u.8 64.3 W06 55,4 .6 2,34 6761 L78-15

1/ Rarizeatal C3 {3 seasured resrvard from front axle.
2/ Calculated data.

AVOL OO0

Veight Cantrol Engincering/
’ Jamary 20, 1981

Rovised/ Pebruary s, 1981

Doc 000000399 Pg. 4 [ FMC\R. COOK ) Pg. Id. 000000402



AT ' ATTICIDETIT 11
) Page 1

BRONZC IT k- UTILITY
Witit Liiagr)

' Vertical Stability

Astion ’ €G Indew
Base
fpdated vehicle with current veichts and 29.40 1.85
. vertical CCs of all cc=porents, ircludi=zg ——

vrap-over glass and upcdated interier tris;
$4,5 average track, saximum optioczal tire
L1215/15.

Prevosal 1

. Revised front ride height b+ restricting 28.56 1.97
Jourcs 0.5", reducs reeT rise-to-cust by
0.5"%; increase front track by 1.0% with
0.5" offset vheels change to obtedn a frent
track of 55.9"; increzss reer treek ty 1.07:
wvith 0.5" offset waeel chrnge e=d increase
axle width by 1.5" t2 ottein a rear tracz
of S6.6" for an everage treck of 56.23".

, Restrict paxi=um ortien tire frea LT215/15 © - 27.8% 2.02
%o ?205/15 M-S, ' e

Provosal 2

. Sate as tae firs: precrosal excest wicden 28.56 1.98
front exles 0.25" per side 4o otirin s
front track of 55.1" for cn sverage track

of 56.5". .
« Restrict maxizum optien tire froa 1T215/15 27.8% 2.03
Provosel 3 _ ’ ) . ' N
. Ravisea front ride height bty restrictin 28.56 L 2.03

jounce 0,5", reduce recr.rise-to~-curd by
0.5", increase track by 3.07" freat azd
3,86" rear to 58.0" aversge track.

. Rastrict maxinux opticn tire to P205/15 =S, 27.85 2,09
Preposel b : -
S Sacc as first prozosal ezcor: lover frent 7.0 2.13

and rear ride height 1,36" cdiitiorally
(1.86" front and 1.36" rear).

. Rostrict maxicum optien tire to P05/15 M-S, 26.49 2.19
Proposal § . o
. Sane ac sccond promosal excezt lower fFfont "26. Lk 2.19 )

and rear ride hadgat 1.0%% ncdditienally
(2.L6" freat uwnd 2.33" rear).

. Restrict mavimu= cption tire to P205/15 M-S, . 25.73 2.25
Vaipght Guremst to=ims vl 4

Faleuzoy 5, 1004

rialelsln ol tand
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Doec 000000399

" Basge

Vehicle with 2.3L/'% with caxdmz=
option=l tires, opticnzl GVW springs,
and aversge track of 54.5".

Provossl 1

 Rostoico ride heizht front and

rear 0.3" end irncrease trzck 7 1.0
froat ezd resr with 0.5" ollset
wheel chemze to octtein e fraat
track of 55.9" ead & rexr treck of

§5.1" for en averzge track of 55.,5%.

. Restrict maxizu= cxticnel tire
fros L7215/15 +o F205/15 M-S,

Presosel 2

ZIcsosi o

. Size es rrorosel 1 except wicen
front exes by 0.25" per gide t0
obtain & fremt track of SE.L" for

- an aversge ‘rscz of 55.75".

. Restrict zaz:disu= opticmel tire
fyon L1215/15 to Fe05/15 =S,

Pg. ¢ [ PMC\R. COOK

]

28.26

27.55

28.25

.55

ATTACIZI2T 12
Pege 2

Stability
Index

1.89

a——

1.96

2,01.

1.97

2,02

Veight Cantroel Engizvering/
Febwuary 5, 1531 )

Q00006504

Pg. Id.

000000404



Doc 000000389

BRCICO IT Uxk UTTLITY

Rsplace frent aluzinunm differsntial housing
with cast iren.

Reploce powartrsin light veight =aterial
vith cast iron eszponents (eluteh hausisg,
transzissien case a=d extension, traasfer

case),

Lover engire C5 oze inch (pivot atous
transfer czse outzut sheft),

[
Reatrict cesi=ivm oziion tire frem
LT215/15 to 3235/15, .

 Restrict tisss end wvheels from 15" ¢o 14,

Delete wrzp-over gless (13 1bs.) and
interior triz uziste (25 1bs.).

Stow high pressure szsre flat on floor.
Variznce per 0.5 inehn éhan:o in track.

Add 130 1bs, luggege iz roof rounted rack
(5 lb’o)' .

ATTACIDTSIT 11

Inge 3

Stability Indox’

Yarinnce

Q.01

0.02

o. 01
0.06

0.03
0.01

0.01
0.02
(0.10)

YZICHT TUCETIATS 0T CAST TIen SUDPOITTS

Differeatizl Kousing
Cluteh Housing
Tranc=issica Cese
Transfer Case

22 1ks.
18 1bs,
24 lbs.
22 1be.

Veight Coatrol Enginecriny/

Pg. 7 [ FMC\R. COOK |
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lay ewredility sign-
T by sppros. Lem
sumthe wad vill ses
suppors e 1-29.42

ot sourse dnle
Lor Jeb £1, 1983,

reloase and e Uw

{ FMC\R. COOK ]

: o cMma
mwmg. CALS FOR STARTLITY DMFY DIPNOTIFNY .
Propesai t Frepess] 3 alrepemal 3 Sropesal \ frevemi 3 i
LR -] 2.0} ., .9 2.3
$5.9° . .\ 9.0° .. “.0r
Intyvesnd 1.0° via re- #oas as Pronemsl Lagrensmd ).07° vis . °
e whoel offaml by  plue seditional 0.5° ezls width {ncrens
6.9° (from 1,12° s in azle vidid lacTesse., and redesipe of fromt
0.6}, . suppaavim and fywms.
%4 6.6 ®B.0° 8. A0
Lrtroasd 1.0° vin I Ineveased 3.86° via 7]
reduing wieel offort anls vidth h--.J
¥y 0.9° (froe 1.12° o ] )
0.6} and an additional
1.5° ia axle vidin iner, |
. .9 . T1.9 e o x.9° n.r
Sedertios of frent ride ] fame o8 Prepeeal t Sas s¢ Propcisl b plua
heiget by 0.5° Urrw alas additioml ride fertiur vide Meighi .
Joamsn restrstion (frem rodustion af 1.%° rodmngtiom of 1.0°
3.8% 0 1.)°) amd recwsed oshigued W reaising resnliisg 4o frewt feader
rear Tim (o curs ¥y sedneigning an reviaions.
0.3° {frea J.17* te 2.67°) fram exi (lowrpm
azime Lire reetristed revigiens,
o PXS/\3 WAS. .
E B $3.% ($11.00) (5. )
(68e3 NIL) st (98,1 W) (80,7 L) (12,8 ¥IL)
(82,3 NTL.) “eemecmreircmmngy (82,0 wrL) (€ 2.0 NIL) ~ernmmenmema——
[T YR 1§ [ — ($%0.1 WL} {131 ma) o ($13.8 ML)
{10.0 1ve.) (11.0 ive.) (V1.0 L.} (193.9 e, ) —ese—————
Bodussd by 0.3° (fremt) ’ Dodumed by 1,06 Toduend by 3.%6° (frem
. (framt) omt t.34° amt 2. 3% {rear) T
-0 . . (rear)
te tor Jab #7] famtainsble fur-Job i S o Prevemi 3 Seme as Praupesal § viua
e srcentral U3 vith miestial | vith femewmn re- froemt Cemior & tetasiiil
rism on beiyzide menel rish an bewreide ) visiems remiriag riss for srier (64 ws.)
owple (6J) wra,) and cwpies (0= u..r:- mmalere bty
lats protustiom whoel teutenl drevinge e i Lisk-erf,
swilability will dee freas rowire \msndiste

LT Vekiels
Pourmry 3, 1980
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STATTTLITT T

YERICLE CEXICES
. FRONT TRIAD

o« REAR TEZXD

. TICAL €5

WERAM PARLCETTIS
+« Plece Cost
"+ Tooling

o - Ingineering
o Total Investzext
+» Veight

« Ground Clearance
« Tming

Doc 000000399 Pg.

BPONCO TI/RANCER Lxb

ATTACKZNT I11.B

Reeoz=ended Siabiliter Imsux I==rovesert Proeossl

Pronco IT sRanpe» Lyl
2.03 2.02
56‘1'. Ssoh'
Increased 1.0" via. reducing vheel
offset by 0.5" plus an additional -
0.5" in axis wvidth izersase. _J 5
56.6" : 55,1" .

Increased 1.0" via reducing vheel
offsat by 0.5" plus a=n additiczal
1.5" in axle vidth increass.

a

1.9
Reduction of front ride height by
0.5" thru jounce restriction; re-
duced rear rise to cusd by 0.5%;
and restrict sexisun tire to
P205/15 H&S.

'$3.50 .
($1.5 ¥IL) ’
($2.5 ML)
4.0 MIL)
(11.0 1vs.)
Reduced by 0.5" (Front)

Containable for Job #1, 1683
wvith potentizl risk oz body-
side panel sample (68 veeks)

Increased 1,0" vix reducing
vheel offset by 0.5". ’

7.6

Reduction of frort ride
Leight by 0.5" thru jcunce
restriciion; reduced rear
rids height by 0.5" via
reduced spacer height; and
restrict caxi=u= tire to
P205/15 MAS, :

($2.00) °
Indluded
" Tncluded
Included
2.0 lbs.

Reduced by 0.5" (Front & Reer)

Containable for Job #1, 1983,
however, late preducticn
vheel availability will delsy
@urabilily sign-off by sprrox.
two (2) menths and vill not
suppart the 1-29-82 sazples

at sourcs dats.

1T Vehicle Engineerizg/

v

-

[ FMC\R. COOK ].

Pebruary 5, 19681
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Attactment v

Iirues _ Ioeeaall | Premeral 2 | Erepesadd Pommeral} papeeon e
« D - lncreased track affect an assezhly Line at toe set - - x x x
oquipmest
+ &xls sommanality/tixing - - z x .
« 1 Crossmeabar packags - - - x z
» Steecing pecr/intermediste shaft package {clsarance to - - - x z
Jover steearing talt and fual mﬁ .
« Internediats shaft to £l crossaesber - — - o | ——— - x x
o Preme stacking . N D x x x
« Gl paa clearsxces acd rescoval ' -’ - - x (ainer) x
» BJoint t0 oLl pan (utu:n subetasdard clsarance drv-' ) . - - x x
{atdaa azceptahla) LA . ’
» Troot driveshaft plan viev angle (tna.stu- case) - - . _.x ‘ x x
o d8sess erashiorthiliesess of frase - - | ~ x (adnor) x x
. Boar cxle vith 53.0° track (aba t mz-p) - - x x x
o Bagative rear spring casber (acceptability) - - - z {ziner) x
e 0= 4 clearances (approach asd departure) : - - - z (iner) x ’
mmmﬁ'ﬁaa bracket clearance to regr - - - b J z
« Spare tire package £ affect ca Liftrate - . - x. x
« 2aer body ailla/body mounts (structural impect of boving - - 3 (etner) z x
eatiourd) _
. Baissinn Certification of 2.3 exgine ' - - x .z o
o Rovised reer foor pan and rear seat construstics - - - z x
« Resr seating package ' - - - x x
« Dpact @ (Uxb) pick-up (cocmonality ef parta) aad pick-wp - - x x x
progrs  tizizg
. Daradility sign-off tizing of affset vheals x x - - -
+ Treme Tixing ) - - x x z
. Dog Track (/U hek) . G| - . .
3

Jote Proposel 2 m-z.rmtmtunmmmmcmﬂhw&nssb-ung-
‘/wmmtruzuz.wﬂhutmmatcmom

000000408
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Exhibit I-4

: . Bronco I Verdele Dmende Pr goe-ties Revigions

3

Stability Roll

Baseline: Index Gradient
Cxrd 1.86 5.81
GvW : , 1,93 5.8

Yehicle Revisdons:

- Lower Rr. Spz.
Frt. Hanger Eracketl
0.50" )

Jotised Pitman A=
Offget (Raise 1.25°)

JReduce Pitmen Ara
Leagth 55 (Ovesell
“Steering Patlo ize ’
creases fro= 18:1

to 18.9:1) .
Curd o 2.06
\GTW 2.28

Ad_d;tior;al Act? cns:

JJRevise Overall Steering
Ratio fro= 18.9:1 to

2.0:1

Curb R

GVW 2.25
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