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N . - N o PREFACE . ’
Basic Engineer Eqdibment Mechanic has been desi'gned to provide privates through lance 35\
cbrpornls with a source of study material which will enable them to perform more efficiently :
duties of an engineer equipmént m¥chanic, MOS 1341, It discusses the Mal‘il3 Cor\Js main-’ ’
: t e system and the care and use df the mechanicts to6ls. The’ ({ourﬂe will instruct the
. student in the. principlea of operation of internal-combustion engineb, .lpoth ghsoline and diegel; *
i -~ power trains; and auxilliary'equipment and components o((\,hapais frames, and bodies, Lo .
' | ‘ SOURCE MATERIALS E .
3 . .
_ TM-00872A-15 Crane-Shovel, Crawler-Mounted w/Attachments (M-§2), Dec 61
TM~-00873D-15 Crane-Shovel, Crawler-Mounted MOD 2N,. M-62, Jun 63 , _
TM-00922-15/1 : Grader, Road, Motorized, M550-M§5, 68, w/ch'l, Mar 70 .
TM-02550B - ~Truck, Forklift, Rough-Terrain, RKF-060, May 62, w/ch 1, Apr 63
TM-03197B-15 Crane, Wheel-Mounted, M-60, Nov 66, w/ch 1, Sep 69
TM-03285A/ 03287A 15 Diesel Engines, MOD 3914/4919, Aug 64,
TM-03342A-15 Torgmatic Transmissions, May 61
TM-04078A-~15 Tractor, Wheeled, MRS-100, Dec 64
TM-08709A-15 . CraneL\ LEruck-Mounted, 15-ton, Model M315T, Jul 68
TM-07075A-15 Tractor:ﬁumauc-q‘ire& Diesel-Driven, Model 72-31MP, Jul 70
. _ : Supp 1 &2\ ' -
TM-07542A-12 ~ Loader, Scoop Type, Full-Tracked JI'Case Model MC 1150, 15 Oct 72 1
TM-07542A-35 Loader, Scoop Type, Full-Tracked JI Case Model MC 1150 15 Oct 72
- ‘TM-2815-15/1 * In Line 71 Engines, Detroit Diesel, Maintenance, Oct 72
TM-11275-12/2A Ex_igineer Equipment Preventive Maintenance Indicators Jun 68
' TM-5-461 . Engineer Handtools, Feb 66
- TM-9-208-2. i Cleaning, Drying, and Abrading Equipment for Cleaning Ordnance
. T I A\
, . Material, Jun 60
MCO P 1200.7 Military Octupational Specialty Manual {MOS Manual) 15 Dec 72 .
. w/ch 1 dtd 15 Aug 73 and ch 2 dtd 15 Feb 74 . v C
- C-5210-1L,-MC . Measuring Tools, Jul 72 ) - :
C-9100-IL, REY Lubricantsl Oils, and Waxes, Dec 71
SL-3-00456A Toolkit, Mechanics, Géneral, Dec 71
SL-3-00456B : Tool Set, General, May 72 wlieh'1* _
> NAVMAT P-5100 _Safety Precautions for Shore Activities, Mar 70
' . ] ABC's of Hand Tools, General Motors Corporation, 1945 . "
» Terex Maintenance Manual for 82-30M Crawler-Tractor, The . B
Service Pepartment, Teréx, Division of\(}en'eral Motors, Hudson,
¢ , Ohio, Apr 66 ) . -
’ - 1
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. ' . ' . Chapter 1 L » - .
) ’ T THE MECHANIG'AND HIS TOOLS - s, e -
. . . N . . . . . 3 I . & L
< e : : . * Section.l. THE'MECHA%I.C' . i .
. .. 1-L GENERAL . - AP P .
T . . e ' 3. ., _
You, the engmeer equipment mech&nlc are responsible for performing the mm,ntenance . -

- necessary to keep the equipmeént of 'ydur unit in a high state of readiness, When you aréd sick,
". " you report to sick bay and the doctor treats you, but a machine cannot report to you for repail

. it mpst depend on you and the operato.r foreits proper care, R _ ' £
- % . ' 14 . = ) SN . ~
v The equipment officer or chief will asslgn-’you where needed tc assist in accomplighing the . X

.« mjfssion or balance the workload, You may be refuired to assist the equipment qperators ‘»f your
unhit in the performance of their dutleq or you may be attached to other units to provide maintp- R

.

+ ' nance support, ' - , N
. ) “‘Q ?{. - M. Lt 'Y
SR & 2 DUTIES AND TASKS : A R -
) ~ Agan engineer equipment mechanic you will pel farm the duties and tasks outlined inthe , T
3°  MOS description in Appendix L., The degree of»supervmlon you reeeive while herforming these : '

" duties is dependent on your rank and experience.’ For example, ‘as a&PF‘C yOu will perform

preventfve maintenance under-general gupervision but when performing major. repairs you will

be closely supervised S _ . ,
. * : v . .
. . 1-3. QUALIFICATION REQUIREMENTS-*‘" : ' '
‘ . «There are fourteen qualification requirements for E-4 and E~6 and ten for E:S and below-. - .
A , - as Qutlined in Appendix . A qualification. fequirements are not covered in this course. Check B

) ) 2 Yot MCI &ourse offerings in the’related subjects such as supply, cameuflage, decontamination, and
englneer equipment opérator.

AN . 1-4, POSSI‘BLE ASSlGNME.‘NTS i ¢
. : .. . ¢ . -
There are many units of the Marine Corps that requi,re‘engineer equipment 1gechanics,
- There are five typi¢al T/O billets to which you may be assigped. For examMur T/O billet
s
% assignment comld be as an engineey equipment mechanic, équipment mechanic, ghop mechanic,
¥ L3 automotive mechanic, and engineer equipment mechanic foreman in a force service regiment, . .

division service battalion, division engin-eer battalion or ‘shore party battqlion The Marine ajr '
. - wing also has engineer egpipment mechanics in the Marine air base squadrans (MARBS), wing
o equipment repajr squadron (WERS) or Marlne axr ‘Eontrol squadrons (MACS).

~ . .
. - - . . -

g - T o Sectlon 1L HANDTOOLS
."-.., v T \ - ) « - ] 4
' 1-5. MEGCHANIC'S TooLs - 7 ° _ - .

[ 3 : - .
- a, General The quality of your wqrk depends on the type and condition of your tools and how ' ’

you use Eem A tool may be used to perform many jobs, but the proper tool gvill enable you t&° o

do.the-job quickly and, safely, Tools are multipliex’s of your ‘strength--they allow you to do a job _
* o _ more quickly, with less effogt and with more precislon See the booklet ABC's of Hand Tools - ) .
- ’ . for. discussion of the more common handtools. : . _

1 i .. . . . . ' ..
b, Toolkit, mechanigs. (Eeneral) You will be issued a to i t which you will be requlred 10, '

pl

e .

ey

o care for and maintain in good, usable, and complete condition, padlock ig furnished for se ur!ty
~of the todls, Each lock. usually Has two keys; one key should be’placed in a seuled and markej

. envelope and kept in the company safe; equipmept office, or in th®e suppl ofﬁce This will
“eliminate the need for destfoying the logk ‘should you lose yout key. Ta 1-1 below shows an - Co
extract of SL.-3-00456A which is a list of the tools contalned in the kit mentloned above. '
. . o } '
' .. Mlscellaheous. There are other géts and kits used in the malntenance of Marine Coxps ) *n
equipment which are similar to the general mechanic's toolkit. The unit T/E will list the set Sk

yout unit rates and supply personnel will assist you in obtaining the proper one, ' -, -

-

2
i

N T frr:x’r co&'rt_NUEs ON'PAGE 1-7) e
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[ 4 ‘ Table 1-1. Toolkit, Megchanics (general) al .
. -
Marine Corps Stock List_ ™~ N - i ﬂﬂm
Pt . " a 1) . - .\I ]
5180-606-3566 NQL xIT, NECHANICS (general) N .1}\ . ’
- . LY - ) . l P - r- . ol
FUNCTIONAL DESCRIPTION: . _ ..
'nool Kit, Meohanios (general) i1s aomprised olf tooh thioknis » o8 and h
‘B“\l:ig;e ;gJ::t.rn:s n;d goggm} repu;:r to vehloular o:;uipl-nt. It {:‘ » .;.‘hdi‘o’::'.. g ntgap:;qm.igr
chanic an palrman; ret Repairman ib t
Automotive Mcoh:'lnic &8 authorized by T/0's, >  Amphibilut Traotor M!‘Ilm Ropaimn; or
" N - ‘ \
| - . .:."
L LIST OF COMPONENTS ‘ -
- ‘q )
) ) . . ’ » . = . .
T T ] LI L T P —3 .
' STOCK NUMNSER REF DESIG TEN IDENT|FICAT 10N 1T FLL REDUCED SET|INSTALLE
u"é' : FIo-KEY 4 : ' OF |U3ED (uut:})t)T (BOXED) I TENS ’ﬁ
] o WEAS | N Fau ’
. ) T .
’ ’ ad ‘
. - f '
1 | 5180-606-3566 TOOL KIT, MECHANIOS {gerieral) XT *,
‘ _ SUPPLY SYSTER usrolmmtv
2 | 5120-224-1389 PRY: 15-1/2 in. lg, 17/32 in. stk |EA [ 1§ t v
- ala; P3 Gao-h-101
3 | 5120-223-6986 BIT, SCREWDRIVER: f1 tip; 47/64 in. w; (ma | 1 * - -
fml "shk; éﬁb in, sq drj* 1-3/14 in. lg; / -
. - IS 00Q-W- . ) 4 £
. N > r
4 | 8020-597-5301 BRUSH, PAINT: oval; hog brietle; EA | 2 ‘s
chisel edge, 1 in, d LéB in. t k, .
. 2-1/8 1n. 1g; PS H-B- 059 -y -
5 | 5110-222-2128 | |- CHISEL, CAPE, HAND: 3/8 in.weut;  -|ma | 2| ¢
N el ,
. y ".
6 | s110-186-7107 CHISEL, COLD, HAND: 1/2 in wout, 5-3/4 [EA | 1
‘ , in, Ag; FS 0G8G-C-313
T | 5120-494-1889 : \ c PLIER: 3-1 1n. w an 8 1n, EA 1
o 1g'ps 800-0-35408 ’ ' ‘
8 [ 5120-243-7326 mnusxou, SOCKET WHENCH: 1 2 i1, aq EA 1 .
end, 5 in. 1g; ¥3 000-W- *
v 9 | 815Q-227-8074 sx'musmu SOCKET WRENCH: 1 2 in. aq EA |2
) s o " end, 10 in. 1g; P3 GOQ-W-
10 | 5210-250-6215 GAGE, THICKNESS: 1 blade gr; English 3 | 1 )
. 1 sys; str blades; 16 blades, §-3/% :
in, 18, 1/4 in, w/at tip; w/Bdade - < . .
look; thicknesses, 0.010 in,, 0,012 . /] ﬂ -
. 1n. 0.013 in., 0,015 in., 0.016 1p«, —~
.0i7 in.; 0.018 in., 0.0%0 in,,." . - .
. o¢022 in., 0.024 in,, 0,025 1n,, 0,026 :
\ .17 1, o.oeé in., 0.3 1n.,”0.032 1n., o
_ 0.035 in. .
11 | 5210-223-9191 S OAGE, THICKNESS: 1 blldc gr; Englhh s | 1 p;
- ay-, str blades; 26 blades, 3 in, 1g : ¢
- 172" 1n. w/at £1p) w/bhdo fooks thigk- .
nQD'." 0, 0015 in, 002 1“.. 0. .
. .. 0 &5 in,, 0,006 ..
-0 1n. 0.Q09 1iny " -
. - AN -1“, .Oli m. 001 _1n, 0013 ’
- .014 in., 0,05 in,, 0.0i6 1n., o8i7 : . _
: .,‘1n., 0,018 1n., 0.020 in, 22 1n., - ;
0.0241n,, 0,025 in,, 0.028 1n., 0,030 4
in., 0.032 in., 0,035 in., R 1 ._ _ .
L v ‘ ’
) : , " ) '. 2 . *
. - L3 1 -2 ' .l -
. ’. 7 . ]
. s .
> L4 -
L3 . ) ' 4 '
' fee PR - i RS Be
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. ) ] Table 1-1-~contd ‘
3L~3 ~£08UsSHA Marine Corps Stock List - - _AL=3-004%64
. B - ~ s - . N
v - .. " LIST OF COMPONENTS ‘

. - . - T . <. -t { . s ~]
T K] N ) ) e AL . - . s 9
ITEM | STOCK NUMBER EF BESIG ‘ ITEM IDENTIFICATLON . REOUCED SET|INSTALLED
:5 o 'no-mr h . _:400)(‘!0) ITENS

ey . - r .
. - FSN -
g
s T . N
12 | 5120-241-3585 HAMMER, HAND: 1/2 1b; 1-1/4 1in. dia- -
-platc face; F3 G(?G—H—By P P
N HAMMER, HAND: machinist!'s; ball-peen; - ' . .
.FS 000-H-86 < . . - . '
- : - Welght of -Head (oz) * r L A .
13 | 5120-243-2985 L I EA | 2| .,
14 | s5120-242-%913 co 8 S TR P00 I
- 2t ! ! : o \) T
15 | 5120-224-4082 12 < Y 7 1 EA} 14 " .
. ' » - . e -
16 | 5120-230-6364 HANDLE, SOCKET WRENCH: brace $ype; CEA | 1 ) ~By
a S - Bpoedcrl) 1/2 in. dr, 18 1in, 1g; PS . . .
, . aog-W-641 .
17 | 5120-236-7590 HANDLE, SOCKET WRENCH: hinged type; ea | 1.
flex; 1/2 in. dar, 18 1in. 1lg; FS GaG-
. w-641 - _ : .
18 | 5120-230-6385 HANDLE, SOCKET WRENCH: rtc type; rev; EA 1 -« e
. : v 1/2 in,.dr, 9-1/2 in. lg; FS GOG-W~ p
1 C e i .‘_" ~~ -
19 | 5120-241-3142 HANDLE, SOCKET WRENCH: aliding-T-type; | BA 1 -
. 1/2 in, dr, 11 in. 1g; FS 6aG-W-6h1 .
20 | 5120:595-92ul . KEY SET, SOCKET HEAD SCREW: L type SE |1
A hdl; hex dr; u/roll; FS GGG-K~275; ,
N ¢/0 . ; . \.‘ '
. §
Slze across Flats(in,) Arm Length(inJ] ™ .
5120-198-5401 _ . ' - EA 1
5120-198-5398 _ 1/16 . 1-3 EA | 1
5120-224 -2504 5/64 1-7/8 EA | 1 -t
N 5120-242-7h10 3/32 « 2 . EA 1
5120-240-5292 1 : S 2-1/4 EA | 1
5120-198-5392 5432 2-1/2 EA | 1
5120~240-5300, | 3/16 - 2-3/4 EA |} 1
5120-2uU2-Th1Y 7/32 3 EA | 1
5120-22&4653 1/ v 3-1/h EA'| 1
5120-240-527 5/16 -3 EA |*1
-5120-198-5390 38 : -1/, EA | 1
21 | 5120-221-1536 « | XNIFE, PUTTY: flex.; 1-1/4 in. w/bf.ade; EA 1
‘. F8$ GOQ-K-48) . _ _ .
22 | 5120-293-1039 Lmnn-sqmgz_n; BATTERY TERMINAL: EA | 1
. 10-1/2"1n, 1g,
23 | 123 004560 00 MARINE CORPS STOCK LIST: Components EA 1 .
: - , List, SL-3-00U56A dtd August 1968 :
2 | 53h0-582-2742 PADLOCK: pin tumbler type mech w/dead EA 1
: bolt lkg construction; brz or bra: .
K 1-1/8 ine W, 1-1/16 in, v MS 35647, . 4 .
25 | s120-287-5177 b PLIERS: 1g rd rdse; w/cutter; 6 in. lg; hEA | 1 :
, ,FS Ga0-P-4T71 :
26 | 5120-528-2265 PLIERS, BRAKE REPAIH: f/bk spg; 12 in. | EA Y .
_ 1g.; RS ago-p-480 _ : fo
b o7 | 511882398253 .| PLIERS, DIAGONAL CUTTING: 6 in. 1g; EA | 1
o F$ 000-p-471b . .
28 | 5120-540~-2U64 PLIERS,. SLIP JOINT: angle nose; 'mult EA | "1 P\
hole; S in. lg; FS GQa-P-471 °
29 | 5120-278-0352 PLIERS, SLIP JOINT: angel nose; mult EA | 1 ) .
. E tongye and groove; 10 in. 1lg; FS GGG- ¢ 5
*\ P-471 ) . ) . ~
{ . ~ s
~ |- k
i o 1-3. ' |
K ._1 [ ad \ @
2 1 . - '
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532008564 > ' Marine Corps Stock Liet | ) . _SL-3-004
LIST OF COMPOMNENTS ’
[ U I PR T ' L ST, 7 P A ]
ITEM | STOCK NUMBER | REF DESHG ITEM 1DENTIFICATION ° Wi | QTY | FULL SET | REDUCED SET|INSTALLED]
) - o | Fle-xEY "o: 0 | (soxeo) (oXED) ITENS
s| m
i . ‘ o ) Fan
.'“' R * b . *
30, | 5120-223-T396 _ "{ PLIERS, SLIP JOINT: ‘str noseﬁ comb. w/ | EA 1
; -~ cutter; 6 in. 1lg; FS Ggba-p-471 '
91 |.5120-h49-7298 ] PBLLER: bat. term.l; p and Sor type; | ®A 1
] ., adg; 3/4 1n. to 1-1/4 in. jaw ocap. ' N
32 | 5120-699-3589 ‘| PUNCH, DRIVE PIN: str type; rd pt; 12 EA 1 .
‘ | in.1g, 1 in. dda. ¥
PUNCH, DRIVE PIN: Jstr type; rd pt; .
FS GaG-P-831 .
: + | Length of* Diameter of Specification
: - point (in. Point{in, Size No.
.33 | 5120-242-5966 | S s -T}B—)‘ I EA | 1 .
[} . . ) .
34 [.5120-240-6083 1. ! 1/4 7 EA 1|
) . i
35 | 5120-273-00p1 L/ <1 . 3/8 N 9 el
. . 4
36 | 5140-5714-2860 | ROOL, TOOLj f/olec®ind “1kn wrenches; BA| 1
) - ‘leatherette; .11 pockets :
) :
T ‘ SCREWDRIVER, CROSS TIP: Phillips tip; o
¥ plstc hdl; PS 0G0-8-121 -
. tq . Over-all ) Length of
: Length(in.) Blade(in,) ~ Size of Ti
37\ 5120-2140-8716 ,‘ ‘%‘1}8“- _3'('—)' e T EA}l 12 ‘
38 | s120-234-8913| 1 ! 7-1/2 "y C 2 EA| 1
39 | 51p0-234-8912 10-1/8 ‘6, 3 EA 1
B | m 12-5/8 8 u EAL 1 N
41 | 5120- ~ | SCREWDRIVER, FLAT TIP: plstc hdlj EA|l 1]
1-3/4 1n. 1g blade, 5/16 in. w tip; . ’
4 FS 0G0-5-121,, b .
42 | 5120-236 SCREWDRIVER, FLAT TIP: plstc hdl; 2 in.| EA | 1
. : N 1g blade, 1/8 in, w tip; FS 00G-S-121¢ -
43 | 5120-227-73%6 SCREWDRIVER, FLAT TIP: plstc hdl; 6 in.| BA | 1 .
1g blade, 3/16 in. w‘tip; PS 0GQG-S-
. 121c Co - n
u4 | 5120-278-1283 SCREWDRIVER, FLAT TIP: plstc hdl; w/ EA] 1
wrench grip; 6 in. 1lg blade; 6/16 in. . 3 R Vs
: 1 w tip; FS (@a-S-121 © y
’ 4 COCKET, SOCKET WRENCH: -1/2 in. sq dr; .
: s % 8 pt opng; FS 00G-W-641 %
) © . Size of Qpening(in,) 'K
45 | 5120-180-1018 = . "EA | 1
. N
46 | 5120-180-1019 ‘\‘ 1.9/16 . . ' 9/16 EAl 1
47 | 5120-180-1020| - \1-3/4 5/8 e o2
: . SOGKER, SOCKET WRENCH: 1/2 in, aq dr; - .
. . 12 pt opng; PS QUa-W-641 ;
> Length{in Size of Openi in
u8 | 5120-189-7924 ' . EA |l 1
49 5]:20~287-098u 12 1 B 1 .
20 | 5120-189-7932 9/16 1] 1 .
51 | 5120-189-79l6 5/8 > gl 2 /
5 62 | 5120-189-7947 2%32 EA 1 :
t@sﬁ 5120-189-7985 3/ EA 1
5 5120—189-7933 13/16 EA| 1 © .
55 | 5120-189-79 7 BA 1
56 | 5120-189-7935 15/16 EA|l 1
57 |.5120-189-7927 -1 + | EA 1 -
5 5120~189-7317 1-1/4 EA 1
59 | 5120-277-1465 1-1/2 EAl 1 )
. _ . |
19 2 ’

*
P g
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s SL-3-QOUSEA - Marine Corpe Stock Liet 1,-3-004564 o
- : LIST OF COMPONENTS
f a N ) . . ) . - \ ' b N
) ' T 1 I3 A .18 T8 T K2
sven] sTocx mussEr | REF BESIG ITEN 1DENTIFICATION T quw. FULL SET IE{UCED sET] InSTALLED]
" FIe-KEY. / . /] «OF |U3ED| (BOXED) BOXED) ITENS | '
' A . rl . m‘a U;.T m Fs'
'h - B .- A x ' N
/ .
,~ SBOCKET WRENCH: d style; 1/2.1n,
‘ dr; 12 pt opng; PS GaO-W-641 P {
- Size of Opening(in.) . p
60 |5120-23%-58 B ' EAl 1 .
61 |5120-233-73H6 1116 _ ) EA| 1" . y
62- |5120-243-7345 13/16 BA| 1 '
&3 5120-2u3-7342 T EALa ® .
5120-243-7343 15,16, EA| 1
23 5120-243-T340 1 EA | 1 , !
5120-243-T341 1—1/15 ‘EA 1 o
67 {%120-243-7339 . 11/8 EA| 1
/,,‘:
68 |5120-611-75 TERMINAL CLAMP SPREADER, REAMER, POST EAl 1
gL!AN 1 batj plier type; 7-i/2 in. -
g . .
&5 TOOL BOX, PORTABLE: S W/l removable EA| 1|
i tray; 22 in, 1g, 8'in. w, 9 in. h; F8 .
¢aQ-T-558 : - , R
T0 UNIVERSAL JOINT, SOCKET WRENCH: 1/2 in., { EA | 1
- - aq end; FS3 GGG—W-6‘01’-. . {
71 /[5120-224-3153 WRENCH, BOX: dbl offset; dbl hd; hex or | EA | T
12 pt opng; 3/8 in. and 7/16 in. opngs;
h-3/4 in, 1g; S 04G-W-636
72 |5120-224-3154 WRENCH, BOX: dbl offset; dbl hdj 12 pt EA| 1
' . 1/2 in. and 9/16 in, opngs; 5-1/2 in, .
1g; FS 00a-W-636
s 73~ |5120-224-3138 WRENCH, BOX: dbl offaet; dbl hg; 12 pt | EA |1
- 5/8 in, and 3/4 in. opngaj 6-1/4 1n,
1g; rs qaa-w-636 .
. . y
WRENCH, BOX AND OPEN END, COMBINATION: .
15 deg offset of box opng; 15 deg angle
‘,. of opeg_ 4 p_gkh’x or 12 pt ogng; «¢a end
“g1zef FS Q0G-W-636a "
4 8-9 : Qe = Slze of Ogehil_xgjin,) Al 1
Th |5120-228-950 L AT E
75 |5120-228-95 318 5h 3/18 EA| 1
7 5120-228 -9505 5 o 1/16 RA |1 .
. WRENCH, BOX AND OPEN BND, COMBINATION: -
& 15 deg offset of box opng; 15 deg angle
~ of open end;~1l2 Et opng; ea end identi-
) - * ¢al size; F3 GAO-W-636a )
5120-228 Length{in,) 1ze of Opening({i a1
;l 5120-228- ' 2-3/14 : /16 BAJ| 1
4 5120-228 -1/8 g{s BA| 1
5120-228- _ 6 BA{ 1
81 |5120-228-9510 ” EA| 1
82 |5120-228-9511 10-1/4 13716 BA| 1
83 |%120-228-9512 . 10-1/4 T EA| 1
84 |s120-795-0895 | WRENCH, CROWPOOT: MIL-W-40145(QMC) | P
[1] !.L
85 |5120-264-3796 WRENCH, OPEN END, ADJUSTABLE: sgle hd; | EA| I
L 0 to 1,322 in, jaw opng tap,; 12 in ’
. .1g; PS 0GG-W-631a r ) -
’ | wamNoH, OFEN END, FIXED: dbl hd; 15 deg
angle of hd ea end; F3 00G-W-63 ~
Length{in.) Size of Opening{in
86 |s120-277-2302 - an EA| 1 !
% 5120-293-1328 . 2-3 1/2 -and 19/32 EAl 1
%120-293-2134 /‘ 9/16 and 1%16 EA| 1
89 |5120-293-2111 o 7-3, 5/8 ama 25/32 EA| 1
( .' ~ -
. \;‘;’ } R 1-5 . ® J
g
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, Table 1-1--contd ' L . e L T
-3-00456A '____Msrite Corps Stock List . -AL-3-004
' ~ " LIST OF COMPONENTS ,
. 7 R _ .
- i . N s )3
= T ] ~3 ¥ [ 3 ) ¥ B PR ’“‘
’ ITEM | STOCK MUMBER | REF BESIe I1TEX 1DENTIFICATLON ] "ot ] ory | rue sET |n 0 SETTINSTALLED :
"o 16~KEY. ' S o:s D | (poOXED) soxto) | - ived
NEAS | 1N
- , | wr | N
. o
WRENCH, OPEN END, FIXED: dbl hd; FS ' ! )
. Blo-W-636e o : :
: . o 8ize of 15°° 81ze of 60° : ' . D
N Eng Opening End Opening I '
’ Length(in,) 1 in :
| 90 | 5120-277-3414 - RA 1
| 91 | 5120-277-8310 * '3 . 15/64 13/64 EA |1 , .
92 | 5120-277-8308 : 3 T . 1 EA 1
93 | 5120-277-8309 A 1/] 'rﬁa BA | 1 . ;.
9 5120-277-8311 y 3-1/2 9/32 5/16 EA 1 ’
95 5120-27;-8312- * - 3-1/2 5/16 g 2 BA 1
96 | 5120-277-831 3-3/4 11/32 : KA 1
gg 5120-277-831 E-S/‘l 3 11/32 BA | 1
98 | 5120-293-131 | * -TA6 716 1/2 B | 1 .
v, o . ]
, 99 | 5120.277-1486 | WRENCH, PIPE: ‘adJ jaw; 1/2 in. to 1-1/2 |RA ' 1. | . )
. ' _ yin. IPS; FS G00-W-651 - _ _ .
100 51,20—149'¥¢)10 ’ :WRENCH, BLIER: -curved jaws w/wire cut- |RA | 1 '
ter; 7fin. 1g; FS GGA-P-4T1 1 C
. . ) .
101 5120-494-1911 WRENOH, PLIER: curved jaw; w/wire out-. | BA 1 ' N
' s e ter; 8-1/2 in. 1g; FS 04G-P-UT1
. ' . ,
102 | 5120-449-8200 | - WRENCH SET, SOCKET: w/case; C/0 EA 1 g
5120-243-7332 BIT, SCREWDRIVER: 11/16 in, w,f1 tip; |[EA | 1 :
: 3/8 in. sq dr; 1-1/% 1. 1g;FS QG0 : - .
) W~-641 ’ ° .o :
Jd . |s120-184-8384 |- 'CROWPOOT ATTACHMENT, SOCKET WRENCH: | EA | 1 ' .
N . 3/8 in. ar opng; 1/2 in. wrench opng; " *\
. o FS GG6G-W-641 , . . . t %_-_
’ > |5120-184-8397 : CROWROOT ATTACHMENT, /SOCKET H: BA | 1 . . L %
3/8 in, dr opng; $P/16.in. wrench : . ’ - . Y %
! , opng; FS GGG-W-64 . ) ' _ N
EXTENSION, SOCKET WRENCH: 3/8 in, aq S ISR R . o
A end; FS (GG-W-641 ) 1 =y D A
5120-227-8107 . T I T - . , o
5120-243-1693 : 9 BA |1 |7 * N ‘e R
5120-273-9205 . ’ 18 3 EA 1 o . ’ Jiw
. , . “ | : T X
5120-2U40-5364 HANDLE, SOCKET WRENCH: . rtc type; rev; | XA 1 » : ‘,', h
N 3/8 in. dr; 6 in. 1gj FS GOO-W-GH1 | ‘ , ! C e
— 5120-241-3143 HANDLE, SOCKET WRBNCH: ~slioing-r-type |EA“]. 1. - v B -
3/8 in, dr; T in. 1g; WS GGO-W-641 | - DU IRE R EOR N
5120-240-5396 HANDLE, SOCKET WRENCH: hinged-flex- |EA IP.x | ' O . o .
J } type; %8 in, dr; B-1/2 in. 1g;'{®sS . f M y ¥
» 7| ) 0g0-W-0641 1 .o s /- B b . g '“_'
P ) " - H ° -
5120-237-4969 MM, SOCKET WRENCH: brace-speeder- |BA | 1| U - . o
1 : typ%; 3/8 in. dr; 16 in. 1g; PS 000-” : ot o Jd 7. -~
Wa 1 - . . . . w 3 _~', . _l. A . - ‘
SOCKET, SOCKET WRENCH: 63{8-1}1. ar; - . - -
12 pt opng; F3 G0Q-W-641 R 4
) Size(in )’. s h ¢ -
gi%—gg-g”;lé o S & e ﬁﬁ FRE ) i e
- =070 ] 1 [ . N -
5120-227-6703 7/16 :  |EA| 1) B S .
5120—837-09%1 1/2 - EA | 2 Vo e T
5120-227-67 9/16 ~| BA 1 - - .o E s
5120-237-15?72 5{9 : ot |BA | 1 : A SR
5190-232-570 11/16 RS T 7 WO 5 W IR DU I R ‘
5120-227-6705 | 3 > EA (1N £ \ - ;,H S A S T
5120-20K-9215 I uilvERSAL JOINT, SOOKET WRENCH: -3/8 -|mA | 1 | iy e .
in. 8q end; PFS eou-’w-61u RET P PR L A TR
. . v, ‘ .
- B N A ) ' . :
f 1-6 S . U 5 % L E,
. + WU.8. GOVERNMENT PRINTING OFFICE: 1070-303-00/81100  , . - 3
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1-6. “SPECIAL TQOLS AND EQUIPMENTg - =~ - , !

. - -
- t

- The tools issued ifi the general mechnni% 's toplkif are insufficient to perform all the service
and maintenance on all of the items of equipment; tools.such as taps and dies, lubricating equip-
ment, and special tuneua tools are required-to supplement the toolkit. These apecial handtools
and equipment are usually kept on a maintenan€ee truck or jn a storeroom near the equipment park
or maintenance area, The cost of these tools, frequency of use, and the ax‘rage size and weight -
prohibit their inclusion in the genergl mechanic's oolkit .

H
Y

a. Lubricating and servici;\g' equipment. In- addition to the toolkit you will need equipment
such as a grease gun, oil measure, can spouts, oxlel, and, wrenches for removing ahd replacing
plugs and fittings. -

(1) Lubricators (fig 1-1).' A hand lever pressure lubricator pumps chassis lube (grease)
through a grease fitting into the part to be lubricated.  The coupler may be-attached to
a rigid pipe or a flexible hogse. The couple'l has threegnetal jaws which require frequent' -
ehg and inspection for wear; when worn, the grease will escape betWean the fitting
and the coupler, Some. coupler jaws can be reyersed when one end becomes worn, The.
head and hand.lever screw off the gun for refilling. The gungan be partially filled by -
holding the open (head) end in the grease and pulling the handl}; this will draw the greage
into the gun, The handle has-a lock position to hold the spring tension while completing
thé filling by hand, The hand lever gun will held approximately 1 pound of genersal pur~
pose (GAA) grease. The tank-type lub%mator pumips gear oil (GQ) into gearcases and .
housings. The lubricant is pumped through a flexible hose to a tip that is threaded to
screw into lubrication holes or into couplers which connect with a fitting. The top is -
% removed for filling the gun, It will hold approximately 5 gallons of GO. The oil- pressure.
can-is used to pump engine oil onto linkage or Gther points, _ _| .

4

~v

. -

' 4

LUBR ICATOR ‘ * %

FLEXIOLE HOSE m'-nessukyn ‘ T
, . o o N o v
- N ‘ J

Fig 1-1. ."._Lubricators and fittings

~
v

(2) Measur&‘g ‘cans and spouts (fig 1- 2) 011 water, and. fuel should be* meaaured Although
many units operate from estimated guantities, there is space.on equipment records for
the amount of oil and fuel used,. Many gallons of fuel and oil are wasted and many.hours
~fare consumed by personnel guessing the anount-needed. For example, you will draw too -

much or too ljttle oil inte a § gallon contginer to fill an engine crankcase that requires .
only 1 gallon. The eXcess dil wili be wasted becaug® it will be contaminated before it \'”"‘*"
| N T L B * 'y d *
S . " R K

“
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v 4 ' cap be uged. If you draw too,little, time is wasted because you must make another trip, ; :
' C . .~ Can spouts are available for use with the 5 gallon expe itionaryt cans, but operators Lt
. . N and qiintenance men will spill pé&rt of the contents ause they have lost or failed to _—
% ; ‘s care for the spouts. . . v o - .
R . ! . R . 1 ) I}
- . . . » . . j
LYY ‘ ’ - . ’ . * % l“ ‘
. )' Y ‘ ,' Lo~ L= & - . . )
< . " Coe v . :xriomomv . _ . ’
< R T CANAWD SPOUT A . . . .
. . - cAN oPENER ' VEORL D ' .
Q' oo~ AND SpoUT v NG ( .
‘) | N
Y \‘ R R “ [ ~
' g MEASURE
. R 1} o
- v v ’
‘ X A
. .
. 7 o :
] Fig 1-2. Measuring cans and spouts. . A
- NS Ny M . X . - .
.(3) Wrenches (fi& 1-3). Special wrenches are designed to remove broken grease fittings
and install pew ones. A plug wrench that will fit female square sockets is used to remove
. and install fill, level, and drain plugs. rge Allen wrenches are used for some plugs
. i and the ‘large sockets hre {sed for ing wheel bearings. ¥
.~ . " s ° \ a Ty,
. . X o
2 ] »
+ 2 .
' - »‘ e .
2 — 1 '
. - Do T
, "ucn . : } .
- J _ S
N \ N ’ @
. . A y ; . ,‘ - ~
.« - P - t P4 " ’
4 m& N . .y :
mucnnon mnue 1901 : . o f
PLUG ) R . L .
LANGE . .NRENCHES ; ) : tq'
_BOCKET ) s
’ ' . . _' - . o » -
. M
’ . - . . - : . . . ."
i , Fig 1-3. Special wrenches for servicing equipment. ) o .
\ _ (3 Battery service equipment (fig 1-4), A sm#ll hose connected to a noninetallic container o f
. o _ i normally used to fill batteries with watex}. A battery hydrometer 18 used to measure S
- o the specific ‘gravity of ‘the liquid in the batte# y A small puller s sometimes needed to : o
' " remove the battery cable clamps from the battgry terminals. Wire brushes and scrapers S
: o are used to clean the battery terminal and the cable clamps. L _
. _ y ’ o ) : ». y -t ‘ o . B,
: .‘ ' ,!I
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BATTERY TERMINAL
AND SWMALL GEAR

. PULLER -
- a - —va - . ———— ’ L’ . \
SATTERY ' ’
HYDROMETRR : I
. : > —
g . Fig 1-4. Battery service equipment. )

.

\ A . -
. b. Detroit diesél engine injectohtimiggftool (fig1-5). To properly tune-up the Detroit dies.el
engine, you must adjust the valves and cneccht’he injector timing. There are three timing tools
with different timing dimensions. Befor'e adjusting the injector timing, check the injector type
and number and the tool number. WNever use the timng tool as a punch. ' .

Stud remover. A stud is a round bar with threads on_both ends, It is usually screwed into
art and a smaller part is attached by a nut screwed on the other end. Removal is usually
have been damaged or the stud is bent. In emergencies
ipe wrench, or another tootl for round objécts. but you
igure 1-6 illustra(es the proper

't let it slip on the stud and it

<.
a large p
required because the threads for the nut
the stud may be removed with pliers, ap
should be careful not to damage the new replacement stud. F
tool t'9r removing and installing studs. Keép the tool clean and don

will do little or no damage to the stud. J
Al ) ’\ .
' ’ L ":’\
- ' ‘ AT O J
- . * ! ) séa' ‘
x| . . - ‘ S
Fig 1-5. Injector timing tool.- 1S Fig 1-6. Cam-type stud remover.
. _ N

a

14
d. Threading tools (fig 1-7). &
cutting bolt ahd screw threaas agd the oth
threads and a die cuts external threads.

heye are two different sets of taps and dies: one set is Yor

er set is for cutting pipe threads. A tap cuts internal

The,bolt and gcrew se} have the tools to cut national
coarsg (NC) and national fine (NF) threads. The NC and NF mean that there.are a specific number

" of threads per inch in relation to the bolt or. screw diameter. For example, an NC bolt 5/8 in. in
diameter will have 11 threads per inch while a 5/8 in. NF bolt will have 18 threads per inch. A
bolt with NF threads must have NF threads to acred into; 1t cannot he uged with the coarse threéds

without damaging one or possibly both sets of threads. .

L]

TN I A
DIFSTO T TAP WRENCHES, .~ -
HTOCND ScRbwoRIERs

»irf THREADING SET WITH RECTANGULAR
ADJUSTABLE DIES, DIESTOCK, .
WRINCH. QuiDes AND TAPS

-

. 3 ) .
Fig 1-7,- Pipe and bolt and screw threading sets.
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e. Pulléers. Pullers are designed to¥emove cloae-fitting parts such as bearings, shafts, .

\yhe_elé. bushings, ‘and sheaves. Some pullers will puah or pull and some are specially designed
tbals used like pry bars, B ' ' : ‘

N

ipment

Yl) The push and pull puller set containas the components most used by the én%ineer equ

mechanic. Figure 1-8§ identifies the components of the set and figure 1-9 {llustrateé
how the components are combined to pull a bearing cup. Fi
removal and 1<YB the installation of a bearing cup.

8
gure 1-9A illustrates the

":i‘l)\-- . AY
¥ T .
3- -« 4
N
w0y
\ »
N . '
. _ ] 1

- - - ] . . ", - A

. . - Fig 1-9. Combination uses of puller set components, @i ot

. o . ; 9
(2) A special puller, the injector tool (fig 1-10), designed for "ge'moﬁng"'injector units from
« the Detroit diesgh engine, is often discarded by inexperiencéd mechanics. However, a
* roll head pry hgr ‘will serve the same purpose, .’ ' ’ .
- - . ) \\ ) -

’ . - INJECTOR TOOL [

Fig 1-10, Téols for removiné injectors.

. SR ©1-10 . ) -
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Therg, are other special pulle'rs and special bolts designed for pulling gears and housings.
Thedé bolta require special care; keep-the threads protected when'not in use and oil
lightly when using. Some of the puller bolts have a large head designed to be struck

with a hammer; use mechanigal judgment in the use of force, Heturn the puller bolts

to their proper storage place when no} in use and'don’t use them as replacﬁxent parts

B " on the equipment.
N

-

_© 1. Hose and tubing tools.

(1) Hose, With bulk hase and reusable fittings, you can replace or repair most lines on
- T . engineer equipment, Although there are some special tools, they are not digcussed in
this course because you can do the same job with a pocket knife and your general me -
. “chanic's tools. The hose is made in several sizes and can be used for low-, medium-,
/ and high-pressure lines: It can be used to replace or splice metal lines. Flexible hose
helps overcome vibration damages, but it.is easily cut and chafed. -~ :

+ (2) Tubi.ng‘ tools. Tube cutters, benders; and flaring tools.are used to r'epair' ox'fa\;ri'cate
metal low-pressure fuel and oil lines. The cutter has two rollers and a cutter wheel
mounted in a lightweight frame (fig 1-11). The cutter wheel is attached to an adjusting
‘,_ _ screw, Tubing is cut by placing it between the cutter wheel and rollers and adjusting the.
cutter wheel to cause a slight pressure on the tubing. (Too much pressure will crush the
’ tubing. ) The tool is rotated‘n’.vard ‘the open side and the’ cutter adjusted to maintain a
slight pressure, Some cutting tool rollers have slots which make it possible to cut dff
o8 only the’flared portion of a line, Although tilbing can be cut with other tools, the cutting
» - tgol-helps 'obtain a square cut more quickly with less waste. Bending and shaping of the
) lineis déné after it is cut. All metal lines should have some bends to help absorb the-

- vibrhtions and allow for expansjon and contraction. To prevent kinking the tubing, a
tubing bender similar to the one illustrated in figure 1-12 should be used. After the
tubing has been shaped and the fittings installed, lines requiring flares can be finished
with the flaring tool (fig 1-13), The tubing must be installed in the die block strqig&tﬁr
or the flare will be offset, It must extend through the dJie block- the proper distance

the flare ﬁgﬂl be too long or too ghort. \
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- 1-7. HOISTING AND PRESSING EQUIPMENT

P

’ The use of hoisting equipment such as chalp falls, griphoists, and jacks is necessary in the, .
) ) removal, repair, and replacement of some engineer equipment components. Hoisting equipment: ’
makes it possible for one man to do a job that might normally require two. Although it will require
more time, holsting equipment is to be used on any job where raising by hand may result in ’
. injuries. The equipment is to be used for hoisting and holding until the je gan be properly blocked.
e It is not used to hold the component while being repaired; do not attempt to Yepair an item while
it is suspended from a hook or.supported by a jack. ' '

N a. Jacks. The hand hydraulic jack (fig 1-14) is usually the easiest item of hoisting equipment

to obtain. The Capacity is stamped on a plate and attached to the jack. A jack is a part of the . f C o

collateral materielr of motor transport vehicles, When placed on a ‘suitable base, the jack will
lift most items that require raising for repairs. The jack was degigned to be used in the verti-
cal position, but by placing the pump on the low side it can be used horizontally, Thé height of
the jack can be adjusted by turning the threaded screw in or out of the hydraulic piston, ' Located
at the base of the jack near the pump is a valve that cortrols the return flow of hydraulic oil.
The handle of the jack serves as a wrench to close the valve and to operate the purgp. The jack

- should be checked before each use and cleaned after ‘each use, Before returning to stox;age,
push the hydraulic piston all the way down an he adjusting screéw in to the lowest position,
but do not tighten or f}y{ce'it. ‘Keep the screw threads clean and lightly oiled to prevent rust and
corrosidn. * L

,-—/“ ' L3

e

Fig 1-14, Hand hydraulic jack.

. % _ .
+ . . .
/ ' b. Griphoist (fig 1-15). This item of equipment is one of the latest pulling and hoisting devices
' used by the Marine Corps. The Griphoist is used primarily to aid in-sectionalizing équipment. :
It has a single-line capacity of 3, 300 1b which can be increased with block and tackle and a 4- B .
part line to pull or lift 6 tons. The Griphoist uses 1/2 in. wire rope usually issued in 60-ft . .
- lengths, but the length is not limited. A pressure of 77 1b is required on the 44 1/4-in. telescopic . '
’ handle to lift a 3, 300-1b load, One complete stroke of the handle, which closes,. to 25'in. , will
move the load 2 3[4 in. It operates on the draw-vise principle and lifting and lowering of the
16ad is accomplished by two pairs of steel jaws controlled by a hand lever. TMble is held at’
all times, when loaded, by one pair of faws. The power stroke lever is keyed to the Griphoist
crankshaft by two shear pins designed to shear at about 8, 600 1b. The-shear pins protect the
- Griphoist ffom more serious damage and prevent further lifting or pulling. The load can be*
released or lowered with broken shear ping. The item should be cleaned ang oiled hefore returning
to storage. Excessive amounts of oil or grease will not harm the hoist. ! ’ . L
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1. Lift or pull lever . T
2. Lower or release-lever .
3. Clutch release lever ,
4. Cable bushing
- ¥ . 7 "
Fig 1-15. Model T-20 Griphoist. ; : '
. ' ¢. Chain hoist(fig 1-16). This is an assembly made up of gears,

sprockets, a ratchet aggembly, and chains. Straight spur or worm
- ‘gears can be Used to provide the gear ratio required-to lift the load.
A continuous chain turns one sprocket to qperate a hoist sprocket .
which raises and lowers the lift chain and ‘hook. ‘The ratchet assembly
assists the reverse action of the gears to hold, the load until it can
" be blocked, Because the chain hoist requires sonte type of overhead
fixture, it ia seldom used outside the maintenance shops. THe
. capacity of the assembly is determined by the capacity of the over-
head structure to which it is attached, the capacity of the lift
-~ \ chain and hook, 'and the gear ratio between the operating sprocket
. and the lift sprocket. The lower hook of a chain hoist-is usually
the weakest part of the assembly. The lift-chain and hook should be
checked prior to each use and the complete assembly including
overhead stru&'e should, be inspected yearly. . »

e
-

L4

]

.L"

Y

~

- L , Fig 1-16. Spur gear-type chain hoist.
d. Presm Althdgh a press jis not ysually an organizatiopal maintenance item, one can
usnally be found available at the nearedt maintenance shop! 50- to 100-ton hydraulic press and
- an arbor press are normaily set up in the shop; a porta-power (fig 1-17) is usually available for . v
jobs away from the shop. The hydraulic press has a hydraulic assembly mounted at the top of a
frame and crogssmember which supports the work.  The hydrrulic .assembly is movable from side
to side but should be used as near the center ag possible. A ‘gage on the hydraulic assembly ° £
indicates the pressure exerted on the ram. The hydrdulic assembly works like a’hand hydraulic
jacks ‘The crossmember, i8 adjustable up and down; i can be raised or lowéred by cable to the .
desired height. It is held in popition by pins. When using the hydraulic prgss, use extreme
caution td preveht injury to personnel and damage to the item being repaired, The arbor press
is a gear and ratchet type unit usually mounted on a bemth. "Its size and the limited amount of
. ,pressure that can be exerted limits its use to small jobs. The porta-power can beuused with sofne
«* < of the puller set parts to remove and install parts that require a press; it i#® portable and has a
capacity of approximately 10 tons. There is no gage to indicate the pressure,
- . . ) ' 4
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Section 111, P(}\{/L‘R T(SOLS AND PRLC&SION MpASURING INSTRUMENTS
' 1-8. LLLETRICAL TOOLS - e ‘,7 -
. . ~ a. Drill, Yop he drilling mnchlnes mont used by engineer equipment mechanics are the 1/2- and

The 1/2-in. medium-speed electric.drill is veed with =~ !
high-speed steel twist drilla. It is also use to turn reamers and hones, The 3/4- inch slow- speed

heawy-duty electric drill is used with the carbon ate¢l twist drills. Electric “drills are equipped
with tfe gear- type chuck, but can be changed to the socket—type chuck (not shown) . They operaté )
_ from a 110-volt ac ot dc electiical source, The size of the electrical drill indicates the maxi- ~ ° N
A mum size of the twist drill (bit) that should bé.used. For example the 1/2—in drill should not e : -

3/4-in. portable electric-drijls (tig 1-18)..

»

be used to bore a hole larger than 1/2 in. in diameter. - .

| ‘

. : . ¢ 4
tllj . . p . [ | ‘l . ‘a

- - . . ., .. (A P
' . . Tl EDN -' = Lood N
R : . 3/% M. PORTABLE DRILL 1/2 IN. PORTABLEDRILL - \ . T
) v : 5 - v

. WRUN woLDER ™,
ORILL
HoToR

REMOVABLE
” HANDLE

CEAICAOE

T
Y
-

- . . . - -
. d Yo

. \ . o SR Lo Fxg 1 ,18 Portable electric drilll ind ge&r chuck ) : ’ . . .
‘ . . - . . . T

e “ - 'The’ sxzp oL thst drxlla (ﬁg 1'-19) is depignated 1n three ‘Ways: lettera. A to Z' numbers 1 to 80 Lo
: “-and fractfons of’dn-inch. The letter sizes rang® from 0.234 M) 'to 0. 413 (2); the humber sizes . s
_ " . range from 0, &)135 (80) to 0. 228 (1); the fracti‘oual sizes ranfé from 1/64th to 1 in. ~ You will-find P
: (\ © ., the.size of the twiah:lx‘ill stamped on the shank unless it has been mutilatdd. The three principal
o -.parts of a“twist,drill are the ‘point, body,” and shank (fig- 1-19), .Twist drills are available with .
’ ©  differeht types of. shank & two three, ‘or four flutes. The Mqrase taper or straight shank twist .
' drﬂls with two fluted are he type normally used by the mechsnic. The 3- and 4-flute twist drills’ = - .
< ‘are uaed to enlarge. holes. “The straight round shank is used with the gear-type,_ chuck and the* o
~ . Morse_tapered shapk is used with the gocket4type chuck, To drill a hole*with the portable
. . . -electric drill, center puneh the material at the location for the hole, ,Select a straight, sharp, R,
AT e twist drill of the proper size (high-speed steel twist drille Yor machines with high rpm; and . ~ L
) * .. cathon nteel twist drills for machines with low rpm). Install the shank into the chuck; 8traight
. ' < round shank in the gear-type chuck ahd Norsefaper shank into the socket chuck. Tighten the jaws
_ of the géar-type chuale firmly op the drill sh or push the tang of the Morse taper shahk into .
R the slot of the socket chuck. Plug ‘the machine {nto:the elecfrical outlet, making sure prong plug ’
) ' " and socket are properly gfounded. Start the drill by pulling the swjtch and then place the tip of
- the twist drill iA the center punch 'mark. Use enough pressure to make it cut. .Figure 1- 20 shows .

‘.

oA 'the correct .ehip curl of 'y goodz sharp. drill operating at the proper npead with the correct pressure. ’
'R€' _ o ‘.4’. N > L ) ' o ’ '
Lt . R Y A . : e . !
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7 MOREE TAPXR SHANK !

STRATGTH - zu.A'ng . . .
) \. : _n ) ® . . r - . ‘I_
Fig 1-19, Twist drills. I ' ’

Fig "1~20 Correct curl of chips. 3 ) ) D :
v i

When drilling steel, wrought iron or copper usge oil on the twist drill and the metal; when drill-— .
ing brass, keep the drI1l and metal dry. When the job ‘i§ completed, ren&ove the drill plug from e
the electrical outlet. (Note: Don’t pull on the electrical cord to remove the plug; grasp the plug
itself.) Remove the twist drill from the machine by looséning the\jaws of the gear-type chuck
or with a special wedge for the socket-type chuck Clean it and replace it in the box. Keep twist
drille separated and don’t let the points strike anything. ‘Clean the portable electric #rin and
returu to storage. Maintenance of the. machine and. twist drills is limited. pMachine shops at
34 and 4th echelon repair shOps are equippet to’ sharpen dull or brokgn twist drills. Ybu shauld / _
check and clean the drill and check the brushes of ‘the portable electrjt drill periodically; check’ . > 3
aind réfill the gearcaseé 1/2 fullof ball-/and rbller*beaﬂng iubricant. § 3

. - -N .
b Gnnders Theue are’ probably the most uaed pQ er tools in a maxntenance facitity. .

- *(1) The bench—mounted electriqg:nnder (fig 1 21) should be locat ed cen’trally*away from
" » flammable materials and work spaces where cleanliness is impartant. The grinder ‘
- “creates sparks which can cause fires and ‘causés abrasive du which would be hgrmful

* °  to maghined parts. It is an electric. motor ‘with the shat;/zt dedbthrough each end, on ..

whi€h an abrasive stone or wlre—brush wheel i8 mounted; The gri.nder is equipped with - N

a gol rest and guards for the operator 8 protectlon. The motor i8 designed~to operate . ) .
specified rpm which is usually atamped on a data plate on the motor. Mauintenance AR

of Yhe miotor is limited to cle’anmg and ingpecting by orgadizational maintenance | Lol

- personnel, Major repairs can be accomplished by the utility aection‘ef engineer, R

majntenance sheps.. The guards tool rest, and ey§ protectors canb rembqu; re~! T
paired, and’ replaeed by organizational maintenanc qrgonnel . e _:(.._' e
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/‘ . S Gogglea with ¢ ear lens covers. -
' 2. Grinding mackine utility with attachments, B L .
/3. Eye protector for use over personal spectaéles. ' ; s ’ o 1
. e ‘. . t T . ) T '
\\ o Fig 1‘L 2{. Bench grinder and related 'equipment: \ : '

o . -

-/\c _ (2) The mrtuble}lgctnc grinder -is normally stored m,the toolroom {r on the pontablc N ® ~
oo lectric arc welder and is taken to the job for use. It is a lightwelght electric motor - s NNy
. used to turn ejther aft abrasive stone or wire wheel, ocated betweéen the, electric 4o v : /
t . tor Q nd the abrasive wheel is a geatcagh Which incrdases the outpyt shaft speed ( g _ ’

N e operating rpnr, stampad on the achm is not thexrpm of the motox, but the rpm qf*)( . J

v the shaft where the abrasive stoné i ted. Org§1zatlona! ‘thainté § ce of the tool = = N C .
1 'is limited to cleaning, ,inspecti placing brughesy and cleaning and repacking the ;
.o ) " geagcase. The portable electris g inder is seldom regau'ed beyond the organizational 5\
' . mamtenance levél. It is cheaper ¥ turn in’the old*grinder and order a ney one. _ 3 ‘
~ » L ° i
(3) Abragive stones.xeceive much wea and fear and requxre close ln\pection muwin-. .o . N
. tenance. and frequent replacement.’ Thel should be checked before eac% use. ' '
. stones are made . w dxfferent grades o roughneu such g8 coarse, me ﬁnm anyg.
0 fine. Some are‘als numt;ered like samdpgpper; 00, 1, etc., They are designed to b
' -used at a specific spded. Before installing a gtone on the shaft, check the rpm of th
- shaft and the rpm stamped on thé stone. Don't use a stone on & machine whose rpm pa
R "is higher than that listed on the stone, If the stone is worn to leas‘than 2 3 its original ]
: diametér, it should be replacéd. In other words,!don’t use a 8-<fnch stone that has worn to S : '
“_ ‘“less‘fhan 4 inches... A sténe that is cracked, regardless of how small, should not e uged, . / '
Lo _ For those stones that are nicked, the mechanig can smooth the face with 3 wheel or = == ' '
LN ... dianfond-poin re'sser THese dressing tools are allowed to rest on the tool rest. T S
- and are worke against the abrasive fope as the grinder ig operating. ¥ diamond- N
' tool i8 an item that requi‘:es specig] care. It appears to be™a strajght ’ \
eanily lost; however, the punch-shaped metal has a black diamond _
émbedded in one end and is a very expensive item. It is normally ugsed only on the ' “ ) !
L smoother stones used for- precision grinding. - . . . _ . Ve :
b . (9 A Bpecigd-tfpe grinder is the valve fac e grinding m machine (ﬂg 1-22), which 1s found in oL
! ,the maching shop, It is a special-purpose machine used only for grinding valve faces ' o
and stems, By using a dial indicator gnd properly adjusting the machine, precision o "o" e
" ,grinding can bpefaccomplished, It is e uipped with two electric motors; on& turns the o ) o
. ‘Abrasive stones at high speefig, the other tuma the valve.and pumps.coolant and is rela-. -
R '. . tively-slow, The coolant tube'is adjusted so that the coolant flaws orfto that portion of the c - o
' valve being ground., {The stones are specially made in many shapes, They are dressed
* - prior to each use go that the correct angle can be maintained. The dressing tool is fitted ™
- into a fixture and can be mounted on the machine, Only a diambnd-point dressing tool is _ .
: used to dress the stones for the valve-grindifig machine. Organizatlonal maintenance ° ' ,
of the machine is }imited to cleaning, tightening, and replacing atones. Higher echelon i ) ,
maintenance personnel can make minor repairs to the electric motors and ordnance
maintenan®e personnel can make r?inor repairu to qtl)‘r parts of the machine.
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VALVE HOLDING &

\ N ROTATING MECHANISM MECHANISM FOR
‘\ . <
]

HOLDING YALVES
_TOGRIND STEMS

VALVE-GRINDING
STONES .

R 7 rERD LEvER : . . -
” ' Fig 1-22. ‘V%ye face grinding machine, , '
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* Compressed air is used to provide power for drills, saws, naildrivers, and other pneu-
matic tools. Reciprocating percussion and rotary vane are the two géneral tvpes of tools. In .
comparison to gasoline engine and electric tools, the pneumatic tools are usually eagier to o -
maintain and operate and aré not affected by ovegload.or climatic conditions, However, the size '

of the air hose and the weight of the tool makg it undesirable for some jobs. The life of pneumatic

\tools depends upon proper w)rication. - > _ I

‘

Impact, wrench (rig 1-33),

The pneumatic impact wrench j

"the rofary ypne-type tool most

It is used to tighten and loosen nuts and bolts by
The impact unit is synchronized with the rotary

- N -
“ofteriused by engineer equipment mechanics,
:zpacf-(_hammerin eftect) ind rotary motion.
t

Insufficient air or lack of lubrication will cause a slow »

or which turna‘about 690 to 710 rpm.
«motdr speed and slow

rratic.impacting. The impact wrench is only one of several rotary- .
. vape-type Pﬂe“mﬁtigto(i'hﬁ:h use the¢ same type motor. , . . J\
.o ; " . ’
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b. Riveting hammer (Zt'i},{- 24), The|riveter is ane of the retiprocating percussish pneumatic

tools used by maintenancg persopnel to ghigel, remove paint, cut _jbpa from oil drums, and for
other light hamamering jobs. Although fhe riveter is just as simple and trouble-free as the impact
wrench, it is one of the more dardgeroys of the pneumatic tools. Never,point the riveter at anyone;

, it ig possible for the piston to ut with enough force to injure anyone standing in the tthe of ™
flight Keep the tool clean and well lubricated and it will provide many hours of useful service. ’ '
‘ " ~ . ‘

.

Y3

OPERATING

- AIR HOS®
' T CONNECTION : . .
. - . .

Fig 1-P4. TRiveter.

[

¢. Line oiler. Connected as cloge to the tool as practical is a device that 'will hold from 1
pint to 1 quart of oil. “The line oiler provides lubri¢ation for the tool by dropping oil in with
the air at a set rate. . .

l-lO. PRIEECISION MJBEASURING INSTRUMENTS

A}

a. -'I‘Orciue wrench (fig 1-25). A nut or bolt will take only a specific amount of torque before it

will.break, streteh. or pull the threads. * To control the amount of torque, use a torque wrench e e
’ which meagures torque in pound-inches or pound-feet. *e amount of torque required will be 3 , .
found in the TM for the item of equipment. - The amount OT torane for each bolt will not be found -

in the TM. but the critichl components are partg.such as cylinder he;c\ds, manifolds. gpark plugs w
for some engines, and injectors are listed. For nuts and bolts not listed you must use your own ol
jidgment and learn frori experience. After removing broken bolts from the salﬁe hole about gix- L
‘times, it should be evident that you are using too much force, The gize of a bolt and the number .

“of t‘hreads per inch help determine the arhount of torque it will take. ’ Figure 1-26 lists the - S
’ . average torque required for different-size bolts and nuts. Like all precision tools, the torque .
L 4 . i
e ™. |
) ) ) ‘_1 .
\;L) : e : S . / -, K
' “~ Fig 1-25, Torque wrenches. ‘ :
\ , ! _ L R
. S i - . oy '.I‘IORQU'E\‘}
: $1ZE NUT # TORQUE o SIZE NUT TORQUE + SIZE NUT s s
‘ QR BOLT a9 -|F JorsouT Mbefy OR BOLT ’. LS R . '
' ,! T T R TTToiA 1P] ; '
V4 J20. .0l N6 =20, . 1. . 5761 3/4-10. ... .- 240-250 Lot
/4 -28.. .4 ... 810 1/2 =13, ... ... ;g-;g % - ;o ....... 2;)(8:::28 I
-18....... 13-17 ~ 2, 20 .. ..., - .- -9 L. \
. ' g;:g - ;2 ....... 15-19 - V- 12, 90-100 7/8 - 140, ... gag:ggg -
b 38 -16..... .. 30-35 N6 -18. ... ... 107-117 1-8 ....... 3% .
/8 -4..... .. 35-39 58 -1N....... 137-147 1-M.. ... .. 685~
706 - 4. . ... £, 46-50 5/8 -10....... 168-178 , |
DIA™ dinmeter - ) NOTE; Thiw chart s wor tor '
TI‘C thraads per inch J sluminum or othsr soft- -
. . ’ materlal threads,
' Fig 1-26, Average nut and bolt torque, ’
-~ .
1-19
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dip it in cleaning solvent. Keep the wrench storedygvhere it will not be banged. When using
_the torque wrench, “pull on the handle at the place designed far that purpose; pulling from l ) <

any place other than the handle will give you a false reading. Cheok the dial and sgt to <.

zero before torquing each nut or bolt. Don’t uge a socket extension unless gpecified in the

torque specifications or unless it la negessary, : , - (

o - i . 1 . ..
‘wrench must be chﬁt clean and handled careffilty. Clean thezt/?rque' wrench with a cloth; don't

+ » b. Dial indicator (fig 1-27), This instrumentisg a prxision mgasuring device which has . ~
0. 001-in, graduations. It is used to check inside or outgide surfaces, flat gsurfaces, and movement,
" The head of a valve or a cylinder bore can be checked for roundness. Clutch surfaces can bé
checked for warpage and shafts for end play. ‘The dperating clearance between two meshing gears T
' can also be checked. For example, by connecting the dial indicator and adapter to the engine »
-, ®  block, the pulley or other part can be checked for alinement and out-of-round. It is & simple, ) .
but delicate. instrument and must be handled with care After use the instrnment is cleaned and ., <
. returned to its storage space. Ita accuracy can be checked by ordnance mainténance personnel ,
but it is, usually repiaced if found defective. .

Fig 1'-27 " Dial indicator. and adapters.
- ¢, Micrometers {fig 1-28). These are precision measuring tools desgned to accurately
meagure, within 0, 0001-in., inside or outsi¢ge dimengions. They are provided in sets, one set
contains six micromete;s with graduated dimensions of 0-1 in., L-2 int, 2-3in., 3- 4in,, -
4-5 in., and 5-6 in. and tpen therg are larger sets. The micrometer is used by mechanics
primarily to check for wedr of parts such as shafts and cylinder bores.. The mechanic adjusts
. e micrometer by hand when checking dimenswn, and the most accurate readings are usually
‘rained by the more experienced personnel, Because the tools are adjusted by hand, improper

N e and use can geverely damage them, Clamping the caliper {outside) micrometer on an
object will destroy the tool’s accuracy. Some of the outside micrometers have-an adjusting . .
ratchet. which helps prevent damage from overtightening or clamping. Ordnance majntenance ' )
personnel can check the gecuracy of the rometer, bu:etjne user is limited to cleaning and
‘ carefully returning the tools to their propen storage spa .
h ' 1 . ' B -
) : ~ ’ ¢ .
[Gamtann ! -
J . L N L] N
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Caliper micrometer _ . i et
° (Outﬂide) - ) - ’ -
S Fig 1-28. Micrometers. /\ ' a N L
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1-11, SUMMARY : .
. . _ \
The tools that are available to jrou the engli\eer equipment mechani¢, are adequate Tor the
‘- : ﬁpb You must take good care of them and use them properly. Each tool wpa designed for a .
pecific purpose and, if yoﬁ use it in the prescribed manner, you will be more npt to accompllsh
yonr _)ob with a mlnimum of dlfflculty "’ . o N
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‘ - ' ENGINES | . > ’ -
¥ Section 1. ENGINE CHARACTERISTICS ) _
: |{ . . ) . ’ 5 * E d
2-1. GENERAL L : ' - ‘

t ; oA

Engines provide power tob
energy. They can be grouped int&
- equipment will have an 1de|{tificati

rate machinery by converting heat energy into mechaniceal
t;ypel or classes. The engines used jn Marine Corps engineer
_lllte on the Vehiole or the engine to help you identify it ' )

4

(tig 2-1), R : ’ )
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a. Enﬁi ne txggs: Enéines may be typed as external- combustion and interml— combuation
engines, An external-combustion engine burns fuél outside tne engine; an example: ‘is the steam

- engine, The internal—combustion engine burns fuel within the engine, ;It creates heat by burning
' the fuel inja combustion ¢chamber; it then converts the heat to mechanical enéfgy. 'Most engines :
. -lnuse are the internal-combustion type Internal-@ombuation engines are al¥o grouped as - '
; gas ‘line or diesel dngines nccording to the type of fuel théy qse. ‘You, aB an engineer equip~ " Ry
A ’,-,) " met nt mechanic, will be required to rqaintain both, . . ? . E K o

oy

’Y) Engine clgsses. An engine ican be further clasaifigzd acéording to 1ts~ cycle, piston actjon;
cylinder arrangement ‘fuel injection, sYed and application.

:.l . ! - ; ) - e

6 &
)

(1) Ogerating cycle. Internal~combustion engines operate on either a 2- or 4-stroke
cycle. This means-that a piston moves from one end ofi the cylinder to the other (top to * SN
bottam-bottom to top) two or four times for a cylinder to complete a cycle. When a .
- piston has moved from one end of the cylinder to the other (up or down), it has compiet- - - s
. ] ' ed one stroke, but only a portich of the cycle. A cycle is the chain of events that occur ’

to get the air and fuel intio the cyltnder, compreuﬁ burn it tp produce the power, and

-
(Y

1

Ny
Al ey

:; hd

. &

then expel the exhaust. . The chain of events is t me for all'internal-combustion en-
: : . " gines, but. the number of strokes requ'ired to complete a cycle may be either two or four. _ e
‘ - : : ! .
SR -"(2) Pist n action l(fig 2- 2) -An engine can be. -..laasified as aingle-acting piston englno, ) L
dﬁe-acttnq piston engine, or upposéd piston engine. A singlg~acting piston engine R

usés ‘only one end of the piston (the ckown) 1o receive the force of the expanding gases, . .
A double-acttng pinton engine uses hoth ends of the piston t6 receive the forces. The"
opposed piston englne is constructed with two pistons in one cylinder. The engines in’

rine Corps engineer eﬁuipment are aingle acting piston type.
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1
' . o PISTON CROWN
 p— , CONNECT1H@ '
- - CONNECTING ROD 1// koD , :
N . \ - U o
/ . PORY - PORY -
~ T \ v
- PISTON /"“Ts :
/ * N PORT ?P ' .
: : X , IT\\couuscnue T § '_
N i ) v . Lo - ROD . . s j_
" a CONNECTING ROD " COMNECTING ROD ) . *
y) ) ' ~ )
SINGLE -  DOUBLE OPPOSED ’ /
_ ACTING v ’ ACTING ACTING . -
x : . : ’ . : N
A\l
! . Fig 2-2. Piston actions; .
(3) Cylinder arr,ar'%ement (fjg 2-3), -A common engine classification is by cylinder arrange- _?
ment. An engine with the cylinders one behind the other is classified as an in-line en- - )
v _ gine, If, when vigwed from the end, -the cylinders form 4 V, it is known as a V-
R BN *  engine. Some examples of other arrarigements are: the slanted engine and the horizontal
: : .4 engine. Most items of engineer equipment use the in-line or V arrangement,
. , .
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_',_#_ (4) Methods of fuel injection, Most ghsoline_ engines use a carburetor to meter and mix the
P fuel and air; however, soms-engines are.being equipped with solid injection systems.
Diesel engines use air injection or sond (mechanical) injection, Marine Corps %fngi-
neer equipment engines use either the carburetor or solid injection method.

A . §
(6) Speed. Engines are classified as low, medium, or high speed. Maximum governed
speeds below 350 rpm are low speed; between 350 and 1250 rpm are medium speed;
g above 1250 rpm are high speed. Marine Corps engineer equipment engines are in the
medium-~ and high-speed classes, ’

(6) AEElication'. Engines are classified according to their application. An engine used to
propel a vehicle is classified as an autémotive engine. An engipe used to power sta-
tionary type equipment such as a Qne'rator is classified as an industrial type engine.
An engine used tb power a boat is classified as a marine engine,.

*

2-2. INTERNAL-COMBUSTION ENGINES &
a. Construction, Engine componénts and parts are produced from a vdriety of materials,
Each naterial, or combination of materials, is selected to provide the desired qualities for a
particular engine. The materinls selectdéd must be workable‘, durable, and economical; they
must provide strength and 's;iffxiess, and resist wear, corrosion, and heat expansion, These
“materials are cast {molded) or forged into shape and machined as needed. Some parts or por-.
tions of a part are specially treated to increase resistance to wear, heat, and shock. For ex-
ample, the crankshaft is forged and machined, and then the bearing surfaces are heat-treated.
to increase life, Piston rings are cast or forged and machined, and some are chrome plated to
increase their useful life. Regardless of the type of matériad used or the size and shape of the
finished product, jt must be durable and economical. These parts fall into natural groups:
structural (stationary) parts, major moving parts, arriangements and systems, and accessories.

N

N
L)

(1) Structural parts {fig 2-4)., The structural parts sypport and keep the moving parts

- alined; provide passages, jackets and chambers; suppornt accessories; and resist forces
set up by engine operation., The major structural parts are the enki_ne block, head,
and cylinders. The ¢ylinders ate sometimes cas part of the-engine block, ‘

’.
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'Fig'.2-4. Structurdl ehgine parts.
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(a) Engine Qfogl_t_, The main body of the engine is the block which is composed of the

cylinder block and the crankcase, The engine block may be constructed i one or
more pleces, but most military erigineer eéquipment uses the 1-piece type, It is ‘
cast in one plece with passages for.water, air, and oil. The materials are usually
cast-iron alloy, aluminum alloy, or steel. The surfaces for attaching crankshaft, .
camshaft, head, and other parts are machined, and some of thé machined areas are
specially treated. The upper portién, the area where the cylinders are locaed, is ,
called the cylindér biock, The c¢ylinder bores. provide chambers for i
burning fuel and to keep the pistons glined. They are elther cast and machined as a part
of the oylinder block, or the cylindey block is cast and fnachined t‘&eceive wet- or
" dry-type cylinfler liners (sleeves), They must restst wear and be able to withstand
high temperatures and pressures, The cylinders are surrounded by passages for
liquid coolant or by fins for the air to®:Qoly They are lubricated to reduce the friction

" . between the cylinder wall and the piston4£nd rifigs.” The cylinders that are cast in the

block and the wet-type liners are in direct contact with the liquid coolant; the dry-
type liner is pressed into a bore that is surrounded by the coolant. Oil paseaggs are
cast, drilled, or attached to the engine block to direct the flow of .oil for enginé
lubrlcation, The lower portion of the engine block is the crankcase which gupports
the crankshaft and other parts. A

The many passages which are cast, drilled, or machined in the engine block have
openings whi¢h are gealed with gaskets, plugs, and seals. The systems that operate
within the engine are designed to operate separately; any leakage because of worn or
broken parts will cause engine failure. - « :

¥ . ”
(b) Oil pan. Engines are provided with-a cover. for the lower porfion of the crankcase;

“most engines also utilize this cover for an ol reservoir or sump called an oil pan.
However, some manufacturers: cast the -crankcase and ofl reservolr of small engines as
one piece and refer to it as the crankcage or base. The oil pan is cast, forged,
stamped, or fabricated from a material that will keep out foreign matter and satid-
factorily perform the job for whichyit was designed. o )

( _ ) .

| (¢) Cylinder head, The cylinder head is cast and machip'éd from materials similar to

>

(2)

those-used for the engine block, I seals the upper end of the cylinder and supports :
theemoving parts. Coolant dnd lubricant passages are cast or drilled in-the cylinder
head. These passages match the passages in the engine block and allow the coolant

and oil to flow without restriction. Although there aré-many passages, ports, and
moving parts on or in the cylinder head, its primary purpose is to seal one end of the

cylinder bore and form the combustion chamber’. It must withstand high temperature‘s
and pressute, and resist warping. _ ' :

Moving parts (fig 2-5)., Of the many moving parts within and on an engine, only the
major parts and the parts that will assist in illustrating basic principles will be dis-

cussed, -

-
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1, Rocked arms ' - 8. Connecting rod
2. Push rods . "~ 9, Camshaft
-] 3, Piston _ . 10, Crankshaft gear
4, Valve lifters ' 11. Camshaft gear
- *] 5, Flywheel 12, Piston rings
6. Crankshaft ) P 13. Valves
7. Con, rod bearing surface - . = 14, Valve springs . ¥
. (Crankarm) (Throw) ' N
Fig 2-5. Moving parts of an engine, . .

¢ N R . ;

(a) Piston (fig 2-6). This is a movable part located in the cylinder bore which trandmits

e

. . . PR

the forces of combustion. The piston is cast from different alloys, treated to resist ‘

wear and heat, and machined to fit the cylinder bore-and to receive other parts, The
shape of the piston'crown dépends upon engine desgign. The primary functions of a
piston are to transmit the forces qf combus{ign"and to prevent the escape of expanding
gases from the combustion chamber. -Rings are fitted in the ring grooves machined -
on the piston to help seal the chamber, transfer the excess heat.to the fdylinder wall,
and to scrape excess oil from the cylinder wall. A hole machined through the side of
the piston provides a. point for attaching the connecting rod. .
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. Tig 2-6. Piston and combustion chamber., : ) : . o

{b) Connecting rod and orankshaft. The connecting rod .and crankshaft convért tecipro-
. cating (up-and-down) motion into rotary motion. A strong forged and machined bar )
) called the connecting rod is attached to the piston by a wristpin (piston pin) It ° : : N
transmits the up-and-down motion of the piston the crankshaft and performs the . .
first step in converting the reciprocating motion to Jusahle rotary motion. e con- . . '
necting rod is usually made of forged alloy steel with machined bearing surfaces . )
at each end; the crankshaft end is usually split for &asy removal and installation.y .
Some connecting rods have a drilled oil.passage from ‘one &nd to the other. The
crankshaft which is forged from alloy“steels completes the conversion of reciprocat- L
» ing motion to rotary motion. It is treated to withstand shock and torsional (twisting) ' . )
fprces, and the bearing surfaces (journals) are hardened to resig;%gear. The crank- '
shaft is attached to the.lower sidg of the engine block at the mahf: aring jou_rnala' which
keep it in place and'alined, The connecting rod is attached to the crankarm (crank-
/ pin). Forces transmitted to the crankshaft at this point cause it to revblve. Some ) o
Lo crankshafts have an oil passage drilled from the main bearing journal to the connect- R
\ ' ing rod bearing journal., Attached to the crankshaft is a gear or otner part which
\ drives other‘e;{gine or vehicle components. When the piston is forced down, the
crankshaft must revolve, and when the crankshaft turns, the piston must move up

or down, - - o s

v {c) Flywheel, Bolted to the rear of-the crankshaft is the flywheel, a wheel, disk, or
heavy part that will provide inertia to turn the crankshaft and other parts when L. -
there is no power being applied by the piston, The flywheel tends to smooth engine
operation and in some applications if is used as a clutch facg, A ring gear is
pressed on tb some flywheels to aid in starting the engine; a Btarter pinion engages

# the gear and turns the engine for cranking. In some power geénerators, the generator
armature serves as the flywheel. The weight of the moving parts and the wefght and
diameter of the flywheel affect acceleration, deceleration, and maximum rpm of an»
engine, . BN

m"\ ' . * ) - . ) ¢ o Y
(d) Camshaft and timing gears, The camshaft is a forged, machined, and treated shaft r
with beaqing:surfaces'~éngi-cam lobes,” It is supported in the engine block at beartug s
! surfaces and is parallel to the crankshaft. Its primary function is to open the valves. -
- The cam action of the lobes change rotary motion to reciprocating motion. The loca-
tion of the lobes controls valve opening. The size and angle of the lobes determine
" how long the valve will remain open. The camshaft, is turned-by gears powered by

the crankshaft. The number of teeth on the gears determine the crankshaft-camshaft -
: h ’ N N
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speed ratio; the geare are also machined and marked to insuxo pxopez installation . .
. and alinement. Somé engines use & gear machined 9gn the camshaft to drive the oil .

pump and/JYy the distributor. Some have extra cam lobea whigh operate components - .

of the fuel fystem. » ) . .

{e) Valve mechdnism (fig 2-7), The valves and other parts of the valve mechanism open . .-
and q}oee porta for the jntake of air pr air-fuel mixidre and, for removal of the ex~" & \
haust gases. " The valve lifter, which is moved by the camshaft lobe, ‘forces the push ]
rod which forrces one end of the rocker arim, -which' in turn pivots and fol ces the-valve . .
3 T open, As soon as" the' camshaft relieves the pressure, the valve spripg pulls the 1 " . R
-~ mushroom poppet valve closed and gravity or spring tension forces the other parts_ A
back to their or 1gin‘nl position. These precision machined valves must:’be able to . / .
L 2 ‘withstand the effects of extreme temperature of combustion and resist wear, The oy tao
-valve meghaniams of some engines do not require all thé pané discussed her-e but - .
i they perform the same basic job of opening and closing the ports to the combustion PR
<« chamber. Thé valve arrangement will differ with the different mnakes and models, o T
but the three basic arrangements are: (1) Valve in head, overhead, br' I-arrangement, ”
(2) valve in plock, flat head, or L-arrangement, (3) one valve in head_and one valve . N
: in block or F«arrangement Some 2-stroke-cycle engines use the piston to open | 4
and close ports In the cylinder wall and dq not ,have Valves, . _ e T

[}

1. . Rii?er arm X 4. Cams (lobes) ) ' A

. ) : - . - .
I ~VALVE ARRANGEMENT® | »VALVE ARRANGEMENT - - w.,ve Anwe:uént & - .
ear '

2. Puygh rod . 5. Lifter ’ o . - 8, Cylinder head N
3. Cdtnshaft © 6. ‘Béaring surface . . L 9., Valves
) L y . : e : .. 10, Valve springs

o B o * Fig 2-7’. Valve ar’rangements T oo . . , .’/

e b. Principles, There are some principles that apply to all internal-combustion enginea
o ' otl}er principles apply only to the 2- or the 4-gtroke-cycle engines, ‘Al mternal combustion
engines must have alr and fuel the air or air-fuel mixture must be compressed and ignited.

N ¢ Sornething must transinit the power of the ex anding gases 'and the exhaust gases must be re- -
moved. Fuel must have oxygen to burn, The most complete burning of fuel occurs wrhen there
is 11.2 to 16.3 1b of air miked with 1 1b oﬁg&sgline- Compression, temperature, speed of
engine, and the type of fuel deterniine the mos? efficient air-fdel ratio, A heated air-fuel . o
mixture will ignit€quicker than a cold air-fuel mixture and heat i§ produced when air is com=- - v PR

}

~ A

pressed, To insure ignition at a precise time, the air or air-fuel mixture’ is heate'gl by edm-~ o : §
pression . ’ " . v . L — . . .
N (1) Four-stroke cycle (tig 2- 8). 'I‘he 4-stroke cycle ret'erq to the number of tfmes a O
-~ piston must move feom one end of a cylinder to the other to complete a cycle,&)A stroke S
pto ;

»

i s the movement of a piston from one end of a cylinder to the other, as*from S _
bottom or from bottom' to top. A cycle is thé chain.of everits necessary to‘intake air or *- : e
air-fuel mixture, to burn and produce the power, &nd to prepare a cylinder for another
. { ~ 7 -.cycle. Inthe 4-stroke-cycle engine, a tytle is completed in two down and two up . .

- . r
2 7 .. B v o v - . [
. , - . s

Lt . ' - LIS
: Y .. . . .
o s \ Lo ay
) K - ) 33 & [ . .
. R o e

,.._g.v_j,;,...._,.,.., g,(...._...e . T e e .‘\\ e PR | u o




&
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strokes of a piston, . The sequence is: an intake stroke, a compression stroke, ignition
\6f- a fuel, power stroke, and exhaust stroke. The major gvents and how they occur are
- described below. )

hd

P . : : ! D
(a) Intake. The intake stroke begine when the piston starts down and the intake valve is

opened, As the piston moves down, the pressure is lowered in the combustion chamber

fnd the atmospheric pressure forces a charge of @r or air-fuel mixture through the
intake ports and Into the cylinder, The crankshaft will turn 180° and pull the piston
through the intake atroke. The camshaft will turn 90° and reliéve the pressure and
_allow the {ntak¢ valve to close. The speed of the downward mqvement of“he piston
, *and resistance to the flow of air will affect the volume of air that fills the space
vacated by the piston. The afr or air-fuel mixture that does enter the cylinder is
 trapped when the intake valve closes. - '

N - — -
INTAKE - EXHAUST _ COMPRESSION - . POWER _
) ; ) . |
- SEQUENCE 4 g 2 3
| OF EVENTS - ! _ * o

! . .

2 - 3 '
R T Y T

GYLINDER |
NUMBER ' :

*

o —r. L S o
A T e

e

Fig 2-8. Fbur-—strokg—cycle of .a 4-cylinder engine. {

(b)r Compression, If you stud figure 2-8 closely, you will note that in multicylinder
engines, while one cylinddr is on the intake stroke, the other cylinders are performing

a different stroke. With both valves closed and the piston moving up, the air or ajr-
fuel mixture is compressed. When the piston,was at the bottom of the intake stroke
the cylinder had a maximum volume. It is now being compressed to the smallest
volume; the ratio of the maximum volume to the least volume is called compression
‘fatio. .The compression ratia of an engine determgimes the type of fuel that can be _
uged most economically; it also determines how the fuel will he ignited. (You learned
earlier that a hot mixture is easier to igalite than a cold mixture.) ‘The compression
stroke’is completed when the pigton hds reached the top and the mixture is ignited.
Ignition can be by an electric spark or by heat of compression. The crankshaft has

Lo

now turned one full revolution, but the camshaft has only turned 180°% When the piston

is at the_top on the compression stroke, it is reférred to as '‘top dead center’’ (TDC).

(c) Power. ”!‘ﬁe power stroke is the only movement of the piston that produceg power in
* a d-stroke-cycle#ngine. It begins when the mixture is ignited and expangion of the

i ‘ burning.fuel forces the piston down, The mixture burns rapidly, but it does not ex- .

plode. The mixture continues to burn until all of the fuel or oxygen is used or until
the piston reaches its 1imit and the excess mixture and exhaust gases are allowed to
"escape through.the exhaust'port that opens just before the piston reaches the bottom
of the stroke, .You can see now that the air-fuel rg";io and the opening and closing of

il " valves is very important. If the intake valve closes too soon or too late, there will be

insufficient mixture, If the mixture is improper, there will be a shortage of fuel or
oxygen, and if the exhaust valve opens too soon, you will loose some of-the power-
producing gases, It should be evident that the crankshaft will turn' 180°, 1/2 revolu-
tion, for each stroke of the 4-stroke-cycle engine, * For the valves to open and close
o at the proper time, the camshaft mugt turn in relation to the grankshaft. The lobes

a2
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(d)

N o . .
are po-it;mmd on the camshaft in a manner that will force the px-opeb'vnlve_open at

the proper time if the camshaft turns at 1/3 the crankshaft speed: tMe crankshaft
turns two rev&xtlona Wwhile the camshaft turns one revolution to complete a cycle.

K

‘Exhaust, The exhaust atroke starts when the piaton starts its upward movement with
the éxhaust valve: vpen, The plston forces the burned gases through Vm exhaust port;
the velocity of the exhaust is-such thdt when the intake valve opgns, a small portion
of the air or air-fuel mixture that enters the cylinder escapes through the exhaust.

The intake valve opans just prior ‘to the end of the exhauet stroke and the mixture that y
escapes cleans the remaining exhaust (rom the cylinder. When the exhaust valve
closes, the crankshaft has completed two flll revolutions and the camshaft has turned
only one revolution, The cycle has been completed and thg,intake valve is open and
ready to start a new cycle. . . -

. ¢

>

(2) Two-stroke Q}:cle. The Basic brfnciples stated in paragraph 2-2b also apply to the 2- |

(a)

T

stroke-cycle enginﬂ’however, the chain of ewgnts is completed in one up and one down
movement of the piihoh The 2—strok‘e cycle can hest be understood by comparing it
to the 4-stroke cycle and explaining the scavenging system.
] " :

Comparison (fig 2-8), On the 4-stroke-cycle engine,” mushroom-type poppet valves
are used to open and close intake and exhaust ports, On a 2-stroke-cycle engine,

the valves may or may not be used, -but for éimplicity, intake oorts and exhaust valves
are used here to describe the cycle's below.

«
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Fig 2-9, Two-stroke cycle.g\ -
Down stroke, ‘When the piston starts its down strokd, it is on the power event;
fuel is burning and producing power. As the piston travels farther down, the ex-
haust valve opens and allows the, exhaust gases to escape, It continges to travel
down and opens the intake ports., The air or air-fuel mixture has been pressurized
by another system and'is forced through the open ports. The pressurized air or
air-fuel mixture forces the remaining exhaust out before the valve closes, The
piston then cthpletes its downward movement, The crankshaft and the camshaft
have tux‘ned 1/ 2 revolution a&nd the pistqn has completed power and exhauné

. N

¥
Up stroke. The pressure t'hrough t‘he intake ports forces the exhaust ggses up a
out, The égkhaust valve closes and the pressurized air or air-fuel mixture fills the
cylinder ¥€Tore the piston closes’the ports. *The upward movement of the piston .
now starts the compression; both the ‘exhaust valve and the intake port are closed
. and the piston compresses the trapped mixture, The piston continues to move to
the top where the mixture i8 ignifed.and the' expanding gases force the piston down,
starting a new chain of events. The crankshaft and the camshaft have completed
one full revolution. .. o ‘ / '
Scavenging, «In the 2-stroke cycle, the piston 18 traveling in the wrong direction to
be of any asgistance during the intake and exhaust events. This makes it necessary
to have some other component to assist-these operations, Most engineorrequipment
engines use a Biower to pump thé€ air or air-fuel' mixture into the cylinfer under pres-
sure, The pressurized charge through the intake ports flushes all of the exhaust gases
from the cylinder and provides a fresh chiarge Yor the next cycle of events, On soine
engines the intake air i directed throughthe crankcase and the lower part of the pis-
ton acts as a pump to pressurize the mixture and force it through the intake ports.
The ports are specially drilled and machined to insure the proper time of opening and
to direct the flow of air into the cylinder in lueh a manner that it will sweep out the
exhaust and continue a swirling motion to mix the air-fuel mixture. The, direction of
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the air 18 very important in 2-stroke-cycle engines that use both an intake and an ex-
haust port; they are located along the oplinder wall and the removal of the exhaust
from the upper portion of the eylinder is difficult,

f [ ‘. D . .
(c) Summary., The same basic principles have again been used to produce the power

de.si'reg. While the 4-stroke-cycle engine uses two up and two down piston move-

' ments, two crankshaft and one camshaft revolution, the 2-stroke-cycle engine uses

" - only one up ghd one down movement of the piston,” one crankshaft and camshaft revolu-

tion to complete the cycle of events for all cylinders,” The 2-stroke-cycle engine
produces a power stroke with each down strokg of each piston, while the 4-stroke-
cycle engine produces only one power stroke out of two down strokes, The two en-
gines may operate on different cycles, hut the basic principles have remained the
same. They both produce power by burning a combustible mixture within a closed
chamber toproduce heat edergy that is converted to mechanical energy. .

. Section II, GASOLINE AND DIESEL 'ENGINES

- R
2-3. GASOLINE ENGINE SYSTEMS - ,

J © 'i\

An engine must have a method of dissipating excess heat, a method of lubriéating the
moving parts, a method of getting fuel and air into the combustion chamber, and a method of
fgniting the fuel-afr mixture, Each manufacturer uses the systems that he thinks are best for
a par“ticula”r”‘application. , .- . ’ 4

a, Fuel system (fig 2-10), In the gasoline engine, the fuel is mixed with the air before it
enters the combustion chamber. o

» "

“CARBURETOR
4+ /\ -
! FILTER
| WATER TRAP R '
' or X
STRALNER Liné e
. . ﬁL FUEL
3 1 Pune
> Q . <
CARBURETOR = . LL*J
. _ - + TANK
- © GRAVITY FLOW _)
: : PUMPED SUPPLY
< Fig 2-10, Schematic of the gasoline fuel ;sthems. ' e
: »

. N . . . :
(1) Fuel tank and lines, A tank made of & corrosion-resistant metal is mounted on the
engine or the vehicle. The tank containg baffle plates t8-prevent excessive sloshing of the
gasoline, Some fuel tanks are equipped with a fuel gage to indicate the amount of fuel
in the tank at-any given time, Fuel i8 carried from the tank to the carburetor through
metal tibes. MQareas where vibration would damage metal tubing, ® flexible hose is8

used.

(2) Fuel filters and strainers, An engine mi\y be equipped with a fuel strainer-or a fuel
‘ Yiiter or with both. The fuel atrainexﬂwhen uged, is normally installed between the -

- fuel tank and the fuel pump, A Iyel filter is usually installed betweén the fuel pump and

the carburetor (tig 2~10). ’ . »
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(3)

(4)
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Fuel ngmt(-.flg 2-11)., If the fuel supply tank is too low for the fuel to flow by gravity

with sufficient pressure to the carburetor, a fuel pump is used to draw the fuel from the
tank and force 1t into the darburetor, Fuel pumps are classified as positive and non-
positive diaphragm, The positive-type pump continues to pump fuel even when not

needed; the nonpostive type pump will fill’the carburetor-bowl and stop when a'specific
pressure is reached, Most gasoline engines are equipped with the nonpositive diaphragm-
“type pump. A lever on the pump is in contact with ‘a’cam surface (cam lobe) on the cam-
shaft, As the lever rides up and down on the cam, it pushes a diaphragm in the pump ) \

up an_d7 down, The diaphragm functions similar to the pistdon in the engine cylinder,
When the diaphragm ig dewn, the f forces a 1-wayu.valve off its seat and fills

the chamber. When the lever is relehged and the diaphragm is'forced up by a spring,
the inlet valve is forced closed and anotker 1-way valve allows the fuel to'be forced
out into the carpuretor fuel line, When thg pressure builds up in the line to the car-
buretor, the valve will remain seated and the fuel in the fuel pu chamber will hold
the diaphragm to keep it from pumping :moré\fuél. The cam angi)e_ver cause the '
diaphragm to draw fuel in and spring tension Ngrces the fuel out unde# pressure. . 4

-

. / . f

Fig 2-11, Nonpositive diaphragm fuel pump, sectional view,

Carburetor (fig 2-1 ?2). Flow of fuel entering a gasoline engine must be metered to con-
trol engine speed and to obtain efficient operation, The fuel must also be mixed in pro- -
portion with the air to insure complete combustion. Metering and mixing are performed
in the carburetor. There are circuits {passages) in a carburetor that function to vary

the air-fuel ratio. These circuits are: float, low-speed, high-speed, accelerating

pump, and choke, Engines used in engineer equipment may not have the accelerating
gircuit in the carburetor. Such engines are run at a continuous speed ana do not

need the extra fuei tor accelerating. Fuel tlows through the needle valve. into the float
chamber where it is controlled by the float.circuit. As the fuel level rises in the float
chamber, the ffoat rises arid forces the needle valve to¥its seat causing the flow of fuel

to stop. The fuel in the chamber will enter the passages and fill them to the float level,

.These passages open into the venturi 3r at the throttle valve, The venturi is @ partial \
restriction in the air horn which causges the air flow to speed up and create a partial

vacuum. A butterfly valve above or below tle vepturi will change the action of the air ,

flow. If it resists the fow of air more than the venturi, the veldeity of the-air will be

greatest at that point. If the throttle valve in figufe 2-12 was vertical, the flow of air

rushing past the air bleed would be sufficient to cause the fuel to be sprayed down; this

would be the high-speed circuit. But with the throttle valve closed, the air restriction

is below the venturi and the vacuum is created at the throttle valve,” The decreased

volume of air and the restricted fuel opening will allow sufficient fuel to be-sprayed E : .
down into the engine for the idling eircuit.” Duting cold weather, more fuel is required . NE
for cranking. To increase the fuel fh the mixture, a choke (butterfly valve) 8igjgu1t§(not 4’ )
shown) is added above the ventari. The vacuum created and the atmospheric pressure

through the float chamber forces the fuel out into the venturi and through Yo the engine.

-By restricting the fuel passages to the air stream you can change the amount of fuel .
that will be mixed with the air. A restriction in the air stream or any leaks between -
the carburetor and the) combustion chamber will also affect the air-fuel ratio.

-
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Fig 2-12. Carburetor schematic. . : -
/ i b, Intake and exhatist system. The fuel that entered the air stream was sprayed (atomized)
and mixed {ith their and forced into the intake manifold. If the engine operates on the 2-gtroke *

cycle, the mixture enters the crankcase where it is pressurized and,forced through the ports. .In
the 4-stroke- cycle engines,. the air-fuel mixture is partially vaporized as it enters the combustion
chamber through the intake valve port. The engine heat absoYbed by the intake manifold aids ~
vaporization. On some engines the exhaust is in contact with the intake manifold to increase the

T
sl

* temperature more rapldly and aid ‘vaporization. ,
G. Ignition system. A Spark-ignltlon system 'pfovidea a method of using electrical energy tc s
.y ignite the air-fuel mixture in the combustion chamber. An engine may be equipped with either.a '
- battery and distributor-type ignition or with a magneto ignition. They are basically the same;
they step up lotv voltage to a high voltage and distribute the voltage to a spark plug at the proper R
time. _ - : '
(1) Battery-ignition (fié 2-13), A primary (low) voltage from the electrical energy produced *
. by a battery or generator produces a secondaty (high) voltage and is distribtited to the
> proper spark plug for igniting the air-fuel mixture in the combustion chamber. :
' w - SPARK PLUG : R .
) 5 y/r m \ . -
7 . .
2 /% » v
. , SPARK PLUG . COMBUSTION CHAMBER - ®
- . ) HIGH IO " DISTRIBUTOR BREAKER POINTS ' ~
’ "‘Zl'#'l‘.’.l,“ DISTRIBUTOR . '
: ROTOR “ Cp
' s:conouv‘cmculr L ' L A oo B
: {HIGH-T ENSION) . . :
. ) _ /¢ I : -
' g caraciror | ‘
N ' onmion | RY CIRCUIT * ‘ .,
. ANMETER e / n(::%a :lt.:‘l‘l.o..:
Ak .
D
-'Li ) ) Yo " .
‘ *  Fig 2-13. Schematic wiring ¢ircuits of a battery ignition system. -~
el ; - . N € y \.
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(a) Principles. The low voltage of the primary circuit is too weak 'to foree ah arc across

the atr gap of a spark plug for ignition, ther clore a transformer (ignition coil) is used
to step up the low (battery or generxator) voltage to a much higher value (15,000 to

20, 000 volts) in the secondary circuit. The ignition coil operates on the pringiple of
sglf-induction; a magnetic field is caused to move across a conductor inducing current
in the conductor. A magnetic {{eld produced by an electromagnet will move if the
current through the electromagnet is turned on and off, When the circuit qs"complelc
(turned on), current will flow through the windings and create a magnetic fjeld; as the
field builds up, it crossee another conductor and causes current to flow. When the
circuit is opened (tur‘ned off), the magneﬁc field will collapse and move across the con-
ductors again causing more current to flow and creating a high secondary voltage,

(b) Components and fupction, Current flows through the conductors, ammeter, and igni-

tion switch to the primary windings of the ignition coil. [t flows through the windimgs
to the distributor breaker points and to ground {back to sburce),” Attached to the bat-
tery side of the points is a capacitor (condenser). Movement of the magnetic field

across the windings produces an opposing vQltage which, if left uncontrolled, would arc

across the points, The capacitor absorbs this voltage and prevents arcing. The high
voltage of the secondary circuit flows from the coil throqgh high-tension cables to the
distyibutor cap. Attached to the cap is a high-tension cable for each spark plug. When
theyotor is alined with the cable, the high voltage will flow to the spark plug and jump
the air gap to ground and back to its source, the coil, .é]‘he distributor and its parts.
make and break the circuit and aline the rotor with the correct spark plug (high-tension)
lcad at the proper time., It is turned by the engine camshaft or Sther gears, A cam
surface on the distributor shaft forces the points open to break the primary circuit; thé
points close by spring tension, The rotor is attached to the distributor shaft and turns
to the correct spark plug lead, '

6

v g P H
(2) Magneto‘g_nltlon (fig 2-14), . Except for the spark plugs and the high-tension leads to

them, the magncto.is a self- contamed unit, It provides the current for the primary
circuit and steps up the voltage for the secondarlcu'cuit It has_jts own generator and -

* other components wh.ch function the same as similar components of the battery ignition

system, During cranking and at low engine rpmy~the magneto does not turn fast enough
to generate primary voltage, To increase the magneto rpm without affecting the igﬁition

timing, an impulse coupling is installed between ‘the engine drive gear and the magneto, ., .

The impulse coupling consists of a Spring and ratchet-drive. As the engine is cranked,
the spring 1s wound tightly and at ‘the’proper time the tension is released and the magneto
shaft is turned with sufficient speed by spring tensipn to produce a spark in the combus- *
tion chamber. The impulse COuphng will lock out at approximately 300 rpm and turn
continuously at-engine speed, -

: -
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Fig 2-14. Schematic diegrams of a-magneto.
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Bl
d. Lubricating system (fig |2 15). The primary function of a lubrlcan't._fs to reduce friction.
In an engine there are several moving parts that create friction. Heat caused by friction can
cause great damage to an engine. The lubrication system reduces friction by forcing or splash-
ing lubricant between the, moving parts, preventing metal-to-metal contact.” The lubricant also
“acts as a sealer'between the moving parts and helps clean the\engin&arts Ag the lubnicant

*ony .

\ ! flows through the engine it carries foreign matter with it and absorbs some of the engine heat,
: There are three types of lubricating systems: splash and force feed, force-feed, and full.force- ’
) feed (fig 2-15). The force-feed and full force-fped are usad in most engines. Larger engineer N
. equipment engines-use the full force-feed system, where the oil is forced through the system by nl

a gear or rotary-type pump. These are pogitive-displacement pumps with a-pressure relief

valve. They draw the oil from the oil pah sump and force it into an oil gallery (passage, main

oil line) whevre it is directed to the engine parts and ¢omponents through drilled passages, On

vsome engines the oil passes through a filter before entering the oil gallery; other engines filter ~

a portion of the oil that enters the oil gallery. After the oil has performed its function, it drains P

back to the oil pan. Air circulating through the crankcase cools the oil as it returns to the pan. -

The oil-pressure gage is usually attached to the oil gallery and indicates the pressure within the
. ~ system. A satisfactory reading on the gage does not insure that the engine parts are bei\ng

lubricated. A restriction between the oil gallery and the moving parts will stop the flow of oil

but still maintain the oil pressure-in the gallery. .
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e. Coolinlsydtem; Although' some heat {8 desired for better engine operation, the extreme ,

R _temperatures of combugtioh are sufficient to gamage the metals used for engine construction

and therefore must be dissipated. An engine can be,&éodled by 1__iquid or air, .. -

1)

a - st

poled by air flowing between the radiator tubes and fing, Figure 2-17 shows how

-

the id is circulated through the engine An”impeller-typ

functions automatically, controlg ‘the flpw of liquid. If the engine ig cold, the thermo-
stat wil] keep the liquid from ﬂowing through the radiator z}nd dissipating the heat; this
allows faster warmup.. If the thermostat is open, the liquid passes on to the top (inlet
part) tank of .the. radiator and dissipates the heat into the air stream as it flows through

‘the radiator-core. When the thermostat is closed, the water i8 circulated through the :
.cylinder block, bypass hose, pump, and back through the block. The thermoBbtat is f

designed to start opening at a specified temperature, ust(x‘glly 160° F, and te be.,!ully
open at the operating temperature, ‘The most ficient operating temperature is just
over 212° F,. coolgnt température. To attaln the higher temperatures and prevent the
water from boiling, some cpoling systems are equipped with a radiator. pressuré cap
to raise t'.he‘boiling point. Marine Corps publications 1ist additives that are authorizéd
to be used in the cooling system to prevent rust corrosion, and freezing. \._
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Air-cooled (fig 2-18). 1In this system the air is directed across the engine parts that
require cooling. Some engine cylinder blocks are constructed with fins which provide
more area 'for the air to contact to remove the excess heat. A lightweight metal shield
(shroud) usuaNy surrounds these areas and directs the air acrols the engine. A fan

Y

“ig nrounted in an opetiing of the shield and forces or draws air through the system. ‘A

n
I3

good example of an aii~cooled engine Is the engine of a small Tawnmower,

=1

‘ ’ P ' ,'ui':n'p"rivﬁ'ug _
_Fig 2-18. dir-coqled engine, -
. . ' . . -
4 . o : - i 3 ¢
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k. K , temiperature-sensitive pump -
_circulates the liquid through the cylinder block and radiator, The thermostat, a unit that

Liquid cooled. In the liquid-conled sytems, water is circul?ted through the system - “""‘L‘
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2-4. DIESEL ENGINES' v, - E
a, Comparison to gasoline engine. Gasoline and diesel engines are internal-combustion
engines and the principles of operation apply to both. The basic difference is the method of
supply and ignition of fuel. In a diesel engine, air enters the combustion chamber and 1s com-
pressed befSre the fuel 1s injected and mixed with the air, The fuel is ignited by the heat of
compression, Because diesel fuel can.be used to produce power more economically than most
other fuels, the diesel engine is replacing gasoline and steam epgines in many applications,
Gdsoline is much more volatile than diesel fuel. It burns so rapidly that the full effects of the
expanding gas cannot be utilized. For example, an air-fuel mixture in a gasoline engine cylinder
may burn to its maximum during the first half of the power stroke, but the slower burning diesel
fuel and the increased volume of air (oxygen) permit the continuous burning of the diesel fuel
" through most of the power stroke of a diesel engine, Because of the high pressure of compression,
it 18 necessary.to construct the diesel engine from stronger materials than those in the gasoline
engine, Diesel engines, like gasoline engines, operate on either the 2- or 4-stroke cyole, s
L
b. Basic actions of the diesel engine. On the intake stroke of the diesel- engine, a sufficient
¢ quantity of ai} taken into the cylinder to burn the maximum ﬁ‘x‘ielivered at full speed, This

-

air is compreggkd into a small volume (the diesel engine has a er compreasion ratio than

‘' the gasoline éngine). To assist in heating the“air and to create tu ulence, some engine man- )
ufacturers use a precombustion chamber. It is nothing more than a small chamber th a small
opening located near the top of the cylinder. AB the air is compressed, some is'forted throug
the small opening intothe chamber. This increases the temperature of the air by friction.
When the piston is traveli&g i_n the right direction, and at the proper time, the fuel is injectgd

into the chambegr. The heat yaporizes. and ignites the fuel spray. The e g(panding gases are P

forced out of the precombustion chamber into the cylinder. This creates a turbulence and con-
tinues to vaporize and mix the fuel with the air supply. The high temperature of compression
ignites the vapor when it mixes with the oxygen in the air. Thia mixing and burning process con-
tinue s through most of the power gtroke, producing a -continuous pressure on the piston. By the ,
' time the exflaust valve is opened, \e fuel having had sufficient oxygeyaompletely burned,
gt T *
' ::i Advantages and disadvantages.. The diesel engine has the advan' age of being more eco-
nomical due to more complete ourning of the fuel than the gasoline engine, but, btain this econ-

A omy, the diesel engine, musisbd eonstructed,of heavier materials and the parts must be’machined

./_\

~

precisely to déntain the very high compression pressures, Diesel fuel i8 cheaper and it is
& also Jess i‘lammablq than gasoline, thus offering a greater dggeree of safety, Hot¥ever, the
‘diesel fuel has a disadvantage in that it will freeze in extreme cold climates. . {
d. Detroit dieael enlnes. The Detroit Diesel Engine Division of General Motor, Corporation -
prodices the %zstroke-cycle diesel engine that is used in the Marine Corps, Tl"se gines are
used to}ow{gnything from a 1/2-ton truck to a locomotive, from a' portable arc welder to a
-small ship. The Marine Corps has many items gf engineer equipment ‘Wwith the se g 71 Detroit
diesel tngine. PThe meries 71 engines are Zﬁtroke-eyme full-diesel engine; whh two or

b

more  cylinders. They are equipped with a 24-volt electrical system and accessor}ep are ~
used in power gener§Md eartlﬁnoving equipment and vehioles.

K Ta ~ Tr 4 o

- ) §xste . The cooling system 18 basically the sare as those ‘discussed earlier in this

chapter. However, the air intgke, fuel, and lubricating systems are slightly different

S (a) All‘ intake (fig 2- 19) The 2- -stroke-cycle Detroit diesel engine uses‘intdke port{in
the cylinder liners for intake, and the valve-in-head arrangement for exhaust, A
blower or a supercharger system is used to force air into the air box (chamber) that
surrounds the intake _ports. At the time the, piston moves down below the intske ports,
the exhaust valves |giilte been* open long enou}h for the exhaust gases to egcape. The
air is forced into t \ linder, creating a unid_:_rectional flow of air towar¥ the exthayst
valves, producing a:

thg piston again covers the intake ports, ¢
+ - : - ™ : - N
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avenging effect. This leayes the cylinder full of fresh ‘ir when
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Fig 2-19. Afr intake and‘scavenging system of a 2-stroke-cycle Detroitdiesel engine.
() Fuel. The proper charge of fuel must be delivered at the proper time to the correc
_ ‘cylindér to be mixed with air that has been compressed and is hot enough to ignite th.
-, “fuel. In a Detroit diesel engine this is accomplished by.using unit injectors and the
solid injection method operated by the camshaft and related parts.
l.‘_ Components, The {uel system components and the fuel flow illustrated in figure,
© 2-20 are typical of the series 71 Detroit diesel engine fuel system and related parts, -
A fuel supply pump, driven by the bldwer, draws the fuel from the contajper (vehicle ;
tank or storage container) through the line and strainer and forces it through the '
filter to the inj‘éctors._ A positive displacement gear-type supply pump is used, It -
» mprovides more fuel than is required for the engine; the surplus fuel flows through the -
- gystem and cools the fuel system parts, A restricted elbow on the outlet manifold and - -
a pressure relief valve’in the pump allow the pump to maintain a 40 to 60 psi pressure *
on the inlet manifold when the engine is operating at 1, 800 rpm, Pressure above the
‘maximum opens the relief valve and allows the foel to flow back to the inlet side of the .
» fuel supply pump. }Fpel‘ enters the injector unit which metegi_-., pressurizes, and sprays
: " it at a controlled rate into the combustion chamber at the pg&per time. It also atomizes
‘ ‘the fuel and distributes it theoughout the cylinder. The exoéps fuel which has been pump-
ed into the injector is returned through-the outlet manifold and remtricted elbow to the -
fuel jank, ' '
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jector. Injector units (fig 2K-_20) press\uf'i.ze, meter, atomize, and provide a con-
tinuous flow of fuel for the engine, Any malfunction of this component will cause < .
improper engine operation. The moving parts of the injector are iubricated and R N
partially cooled by the diesel fuel, Only the fuel recommended by the manufacturer
sjﬁ)pld be used in-a diesgel engine for it will have the required lubricating qualities.

a.. Metering (fig 2-21), The amount of fuel that is forced into the cylinder is con-
trolled by a plunger with an upper and lower helix machined on its lower end. o .
Vertical movement of the plunger ig cau ged by a rocker arm; the plunger is - '
rotated by a control rack. Both the vertical stroke and the rotating tpotion deter-
mine the amount of fuel that is sprayed into the cylinder. Wher the plunger is
up, fuel fills the spill deflector and othel open spaces surrounding it,
flows through the upper port in the bushing through the helix and througth } drilled ¢
passage to the area below the plunger, The excess fuel flows on througl’'the lower :
port in the bushing and-back to the supply tank. The rocker arm forces\the
plunger down and closes the lower port; the upper port remains open depending .
upon the position of the helix, Because fuel cannot be compressed, it flows back .
through the drilled passage until the upper port.is cloged by the plunger. When '
both'ports are closed by the helix, fuel that is trapped in the bushing will be forced
into the engine as.the plunger moves down, As so6on as thé lower helix opens the . .
lower port, pressure is relieved and injection is stopped. In figure 2-21, note :
«how the effective stroke of the plunger is controlled by rotating the plunger. Also | :
noté the phases of injection operation. (NOTE: The vertical stroke is not changed.) :
When the rocker arm pressure is released, a spring returns the plunger to the
top and a new supply of fuel enters, ’ '

»

. i * -
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Phases of injector operation through vertical travel of plunger.

Fuel metering.

,
LY

-

b.

" pressure of compression. When the inlet and the outlet ports close, the plunger

! be sprayed into the compressed air in the cylinder. The atomired fuel is changed .

Fig 2-21. Function of injector plunger. .

Pressurizing. Fuel that {s trapped under the plunger must ove;come the high

begins to apply pressure on the fuel. An injector valve {tig 2-20) prevents the

fuel from leaking until the pressure is greater than the cylinder pressure, -The
injector valve spring is adjusted to open when a specified pressure is reached,

As the plunger continues down, fuel will flow past the injector valve, force the
check valve from its seat, ‘and spray into the cylinder. When the outlet port opens,
the pressure is relieved and spring tension will close the injector valve and the
cylinder pressure will assist in closing the check valve, ' :

Atomizing,  Fuel in the liquid stite must be changed to & gas before efficient
burning will take place, The change from a liquid to & gas must be rapid, :and to
aseist this change, the fuel is forced through small hi¥es (orifices) in'the spray

tip (fig 2-20). The pressure on the fuel and the size of the orifice cause the fuel to

to & gaséous form by the heat of compression and the tyrbulence’ within the cyl-
inder., As the atomized fuel is vaporized and mixed th oxygen, it begins to
b,“mol " N . 3

-~
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(c) Lubricating (fig 2-22), The lubrication system of the Detroit diesel engine is a full -
. force-feed system, The engine may be equipped with either full-flow or by-pass filters.
! The oil pump is a positive displacement gear-type pump driven by the crankshaft gear, . )
| Study figure 2-22 and note the flow of ofl through the jgystem and the valvés which aesist * .~
i in protecting the engine, Note that this system uses an ofl cooler which 18 mounted so
! that water flowing to the engine cools the oil, e oll then assists in’'cooling the engine.
You should also see that oil is sprayed on the underside of the piston crown to asgist
: in cooling. Although only one filter i{s,shown in the diagram, most engines used in
-l engineer equipment are equipped with dual filtets. oo

'.n(\ @ )

K\

. . | g HUEF VALVE _ ’ _ .

. . : . A __ gt . PUTER.BY-PASS ) , .
, eyl VALYL . . . : ) I - . S,

Fig 2-22. Scheématic of .typical lubricating system, e W0 Co , L
Co a ’ BRI GV — T T
: . (2) Governors. Although the governors usgd on t;a Detroit diesel engine are produced by .
different manufactyrers, the sa?'xe principtes apply.’ ‘The engine may be equipped with - AR ’
b either a mechanical or a hydraulic governor, Before attempting to perform, engine tune- - T . S
- up or governor adjuetment,‘ check the nameplate on the governor assembly to determine : :
*  the type and then review the procedures czutlined in the specific-TM. i

(a) Terms, * . o )
.. — NN L]
1, Speed regulation. A _chang§ in an engine’s steady _sp‘eed.‘?? The governor and the
engine are given time to reach a stable speed for a given load. Speed-regulation -

is"directly related to thé speed-droop. _
- ’ A t . -

h - 2-21 ' /.




3. Speed-droop. The change in governor rotating speed which causes the governor's
) Out'put'ihﬁ%’ to move from full-open te full-closed throtile position or vice versa.
. . To prevent false motion or r-correcting, .A governor has permanent or tergporary
speed-drodp. -If the speed-dMop is temporn‘qy. the output shaft will come to rest
. at the same speed. The eteady speed 18 constant regardless of the load .

Teo

Isochronous governor. Maintatns the engine’s steady speed for any given load; ,g T !
- speed regulation 1s zero pernq_j,and the epeed droop is temporary. :

IS I AN

unting. Repeated variations of speed due to. overcontrol by the engine governor. ., :

Doad band. Iie’sitation in governor aetion caused by friction and lost motion in the

mechaniam . -

L b

. Engine speed deyviation. Any change in speed from normal, A delay occurs be-
L] . tween the moment the load changes and the moment the éngine responds. Time 1is
" required to correct the fuel rate and rJe engine to* respond "The inertia of the
flywheel and other moving parts will Hetermine how much the speed will deviate
. before the engine responds to tHe gavernor’s action. .

. - . .
. - - - *
- . 7 -~

=

: ) 1‘123_ Governors cah be classed as constant- -speed, variable—apeed limiting- speed
- . . ~or overapeed-trip type, - . . ) N , .
- * _ Conetant qpeed Maintains eoxtstant cngine apeed from no load to full }oad Ttiaa '
R governor that 1s. adjusted-to maintain an engine spedd at one set rpm by moving the .
- L engine fuel control (throttle)- when there is a chapnge in the “engine load. — ‘
. - N < o, ® ® v .

_2_., - Variable&apeed ,M:aintains any speed cted(from 1idle to full speed. .If you set
. .the tlirottle to operate the engine um engine speed, the governor will
. . maintain that speed for you even though the load may vary,

Igo

. Limiting-speed, " Controls the engine at maximum or minimum spee& 7Speeds . ‘
) other than idle or-fuall speeda can ﬂuctuatmbecau se of load variation or the A - Y
R _ operator 8 demandb. : . o . . :

b . ., ~

P

. Overgpeed-trip This is a safety devige that will stop the engfne should its speed -

exceed the maxfimum get rpm. The overspeed-trip governor is normally connected - {
a deviqe in the air intake that will atop the flow of air to ‘he engine blower; it Y

can be connected to a fuel shutoff valve,

i

»

. // (c) Maintenance, Engine govemors require very little ma jce, but you, the organ- *

e , 1zatiengl engineer equipment mechanic, sho d che the ous engine fdjustments - N
T " after 100 hourp of operation on new or-reb nes an h 1, 000 hours thereafter. ~ .
S ' Governor adjustments and tuneup procedures ar/o’ontained in the TM for each specific

~ TN , A of equipment, e P . .
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, _ Chapter 3
) , : POWERTRAIN
8-1. GENERAL L
[ 4

Power from a vehicle's engine i3 transmitted to its wheels, tracks, and accesspries by the *
power train which is a system of clutches, transmissions, transfer cases, shafts, universal joints,
)'Q ' differentials, axles, bearings, and devices for resisting drive torques and thrust, Through these
components the véhicle ig capable of ghanging pulling power and its speed of movement, chang-
ing the primary diregction of travel, operating over smooth e rough terrain, and operating
! “ndividudl accessories. The components of a power train are determined by the design and use
of the vehicle and by choice of the manufacturer. For example, a wheeled tractor power train
does not have the same components as a truck power train,

~

a

" a. Wheeled vehicles. The components used in the power train of a wheeled vehicle will depend
on the vehicle's use and its accessories. .The basic components of a wheeled vehicle power train
. - are shown ip figure 3-1. Power for the complete powerstrain flows through the clutch. It flows
from the engine through the clutch, transmission, transfer case, propeller ghafts, universal .
joints, differential, and axles to the front and rear wheels. Power for the winch flows through .
the clutclr t& the transmission and then through the power-takeoff (P I‘O) propeller shaft, and
upiversal joints to the gearcase of the winch, - . _ '

L " /)
- N .
/ * . TRANSFER CASE TO PILLOW BLOCK PROPELLER SHAFT _ REAR REAR AXLE '
FRONT AXLE - . FRONT REAR AXLE DIFFERENTIAL AND CARRIER
. - , POWER}TAKEOFF : s
- INTERMEQIATE PROPELLER SHAFT
TRANSFER CASE e
.
RANSMISSION ’ N .
’ : UNIVERSAL .
) oo g OINTS :
FRONT AXLE PROPELLER SHAFT JOTNTS
o A N REAR REAR AXLE PROPELLER SHAFT
: . DIFFERENTIAL AND CARRIER ' DIFFERENTIAL AND CARRIER  * /" - .
" . FRONT REAR AXLE PROPELLER SHAFT t . .
T . g v “"kw* — -
s - . . \ - PR _.. ) i_il- s
Rig 3=1, Power train components of a wheeled vehicle. ) .o S

" : b. Tracked vehicles. The power train of a tracklaying VehicH is usually moreu‘uggedly
: — " consgtructed than that of a.Wheeled vehicle, but the_functioning is the same, The propellmg power ST
- - . train of a tracked vehicle is illustrated in figure 3-2. Power from the engine flows through the ' S
' engine clutch, transmission, pinion and ring gear, steering clutches, final drives, and shafts
to drive the sprockets along the tracks. Power can be transferred from the engine to the

4 accessories by several means. For example, power for the single drum winch on sofne - -
v ¢rawler-tractors ;?;ws from the transmission through a shaft to the winch gearbox, while power
. ’ ' -

". .é‘ -~ =~ "‘N" "
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to operate -the hydraulic bucket flows through a shaft from the front of the engine to the hydraulig
pump which actuates the attachment, /

,

.

FLYWHEEL AND
ENGINE CLUTCH

CLUTCH BRAKE o SHAFT AND GEAR

] . - Tgnsm sston -'- HIGHAND LOWRANGE SLIOW G
. ) “

SPLINE SHAPT “LOW-RANGE POSI T10N L&
lt!!tnﬁo‘!#wwt 20 Anp BTH _
REVERSE OLER o { Lowayo An
STEENNG
QT = e L\
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FINAL DRIVE GEARS =
SPROCKET =
DRIVE E
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Fig 3~2. Propelling powcf train of a tracked vehicle.
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’5' _ 3-2, CLUTCHES AND BRAKES 7
! - ‘
i a. FPurpase. Clutches and brakeg control the power flow and motion of a vehicle and its com-

ponents, Clutches provide a method of engaging or disengaging the power train. A clutch is
located between the power source and the operating attachment or-wehicle drive, Brakes provide ,
& method of stopping or controlling the speed of a vehicle or attachment o .

o b. Principle of operation. Clusches and brakes operate by the application of pressure and
friction. A clutch may oper ate by either solid or fluid frlctxon Fluid friction will be discussed
under the heading of fluid couplings. In a selid fr iction system friction is created by moving -

’ a stationary object into“contact with a moving object. If sufficient pressure is applied, the
stationary object will either move at the same speed as the moving object or the moving object
\ will stop. The solid friction principie can be demonstrated by placing a book on a flat surface
placing the palm of your hand on top of the book, If you apply sufficient pressure and turn

> .
i your hand the book will turn. Now turn the book and apply the pressure and notice how the book
3 tends to stop or your hand tries to turn, .
¢ . ' . © % 2

-

c. Nomfenclature. . ~
: N
(1) Clutches. The principal parts of a clutch are: the driving member, the driven member,
and the controlling mechanism.* The driving member rotates with the power source. The
' ﬁ driven member contacts the dmvm'g member and transmits the power fltlw to the power :
.train. The controlling mechanism prov1des a means of applying pressm‘e which establishes g
friction and a method ¢of transferring the power flow from the driven member to the pewer C
train components. Study the engine clutches (spring-loaded, fig 3-3 and snap-over-
v center, fig 3-4) and you will note that the driving member is bolted to the flywheel of the
- spring-loaded clutch and splined to the flywheel of this snap-over-center cluich. " The
driving member and the drivén member are constructed or-fitted with friction surfaces.
riveted t(a the face, while the

a

"The driven disk has a lining bonded (glued or fuged) or
driving plate is made of a nonmetallic material.

«

(a) Classification and type. Clutches are classified ag engine, steering, Or operating by
the functions they perform. They are typed accordin%}to shape and the method used to

s - bring the friction surfaces into contact. g

3-2
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This type of clutch, normnlly used on an engine or steering clutch, has a

round flat. metal plate (the driven member) with the friction surface machined or

attached to it, and a driving member which ulug.ly-hal a flaf machinpd surface,

driving member and the driven member each have two friction surfaces,
¢ aingle -disk (fig 3-3), twin-disk (fig 3-4) and multiple-diak (flg 8- 5) plate-type clutches.

The

There are

Enjlnc nywheel 12. Clutch release bearing -

2. Driven disk facing 13, Sleeve
3. Facing rivets 14. Lever locking balls
4, Pressure plate . 15, Adjusting plate
8. Clutch flywheel ring 16, Spring retainer pin
. 6, Adjusting shims 7. Retractor spring
1. Adjusting strap 18, Pressure levers
8. . Flywheel ring stud nut 19, Fulcrum rings
9., Lockwasher - * .20, Snap ring
10, . Pressure spring 21, Flywheel ring stud
- 11, Spring equalizer 22. Driven disk assembly
-

, Fig 3-3.

,Léﬁﬂng -loa

d plate-type engine clutch,
¢ .

%

o

-

. Key - |
- Bearing m _ £ A

Driving plate
Flywheel
Hub and back -plate

Clutch shaft

Driving ring : ‘

Floating plate oA

Adjusting lock pin , <
Release yoke o

Sliding sleeve assembly (release bearing)
Adjusting yoke assembly

- \
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¢ Fig 3-9% Spring-loaded multiple-disk steering clutch.
’ 2. Internal-expanding, This type of clutch (tig 3~6) has oniy one friction surface for
7 - . the driving member and one friction surface for the driven member, Therclutch -
{" tits inside another component and expands to bring the two friction surfaces into .
* contact, The outer friction surface is commonly called a drum, The clutch band
. or shoes have a nonmetaRic lining riveted to them, Either the clutch or the &rum
) can be the driven member, ~ ] < ] 2
1. Lining ' . : e "
2. Rivets ' :
: 3. Clutch shoe 2
4.  Anchor pin o )
. 5. Anchor pin =
6. Drum _ M
S 7. Pivot pin : _
8. Snapring . - o
9.”\{am nut . ,
1 10. Mdjusting holts - -
) ) 11. (lutch spring _ -
X . 12. Roller pin - .
13. Anchor pin ' Sl
o © . 14. Lever arm . o
I . . 15. Shaft .o '
Fi§ 3-6. Internal-exoanding clutch, o _ ~ . " ,
f [’;; -~ : N e ) -0 PR
- . ’ . ‘ . . R - \ ;.:.
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inside that fits around a drum or other component. The band contracts bringing the
two friction surfaces into contact., Either the clutch or_the drum tan be the driven

~ member, ' ' ‘ .
i \ L i _

‘Compression spring
Clutch carrier

Jam nuts - s
Eyebolt
: Lever -
Pin - - .
Tension spring
Pin K )
0. Link -
11.§gClutch hand
12, " Lining and rivets
13, Bar,
14. Bolt
15, Shaft
< 16. Drum
17, Shoe lining :
18. Band dead end
19. Pin )
’ 20. Bar R
_— 21. Shoe

22. Pin 23. Eyebolt

C A ' :
Fig 3-7. External-contracting clutch.

0

A Y
4, Cone, This type of clutch has cone-shaped friction surfaces, Either member can
be the driving or driven member, and each member Has one friction surface, One -
*cone {8 forced inside the other to bring the two friction surfaces into contact,

9. Jaw, This type ?f clutch (fig 3+8) is constructed of gears that have metal-to-metal
friction surfaces. Some gre spring-loaded, some are positively engaged, and some
require contiquous pressure by the operator through mechanical linkage, The mating

” surfaces of the positively engaged clutch (A, fig 3-8) are cut at such an angle that the
twisting foree will not push them apart; the jaw of one member slides into a slot of ~

the other member. Continuous presgure clutches (B, fig 3-8) have rounded or beveled .

®jaws that can be pushed apart by the twisting force. They require continuous pressure
by the operator or a spring to keep the friction surfaces in contact..

Q@

Shifting fork .

1, Shaft 1.

2, Jaw clusth 2. Jaw clutch
. 3. Bolt . 3. Gear .
4, Clamping collar . | 4. Shaft
‘5. Ball bearing g . 5. Mating jaw
6. Gear 6. Shaft spline

\ | Fig 3-8, Jaw clutches.

3. External-contracting, This type of clutth (fig 3-7) has a band with _rind lining on the’
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6. Wet- ordry~ clutches, Clutches such as disk, internal-expanding, and jaw may
be either wet or dry, A wet-type clutch operates in oll; it operates cooler than the L
diy-type clutch, but requires more pressure to engage because the ofl’ hiis-to be. - t
squeeged.from the friction surfaces to establish friction, Any oil or grease on the o
frictiop surfaces of a dry-type clutch will cause severe damage,’ The lubricants
reduce. the friction required for proper operation, Lubricants will also cause the

' ) N nonmet‘all_ic lining of a-dry=type clutch to swell and deteriorate. .
. : 7. 'Terma. Operating clutch is & term used by maintenance personnel to distinguish . S
' between the engine (master) clutch, the steering clutch, and those clutches that : Tt
control the v(hi_cle attachments, o - v . L {
{b) Clutch control, ‘The most common metl‘:od"of engaging and disehgagi_ng a_clutch i8 by : \

simple mechanical linkage, It consists of levers and rods between the operator and

the clutch. There are applications where the simple method is impractical; therefore,

some clutches are controlled by & combination of mechanical linkage and a hydraulic,
electric, air, or vacuum system. Through the control mechanism the operator either

applies or releases the pressure required by the clutch to estubligh frictiod. Only the .

spring-Toaded and the snap-over-center types ar¢ explained in this course, hut if- you .

.study the method of control and the pri ciples as they are applied to theae clutches you RS
‘will be able to understand the ope/rnm%of the other clutches, ’ : S L
1. Spring-loaded clutch (tig 3-3). This clutch usea the pressure created by spring tenfion
to hold the driving and driven members in contact and create friction, The pr@j_‘re Lt
spring pulls the iide of the pressure levers and they pivot against the clutch ¥
flywheel ring, forcing the outer end of the pressure levers against the pressure plate, _

By moving a lever or pedal of the control mechanism, an operator can diséngege the IR

clutch by applying pressure on the pr‘e'ns'ure spring. . This causea the pressure levers o i

to“pivot and pull the pressure plate away from the driwgn dtsk, The driven-disk . =~ -~ .

which 1s splined to the clutch shaft moves- away from flywheel and atops because

" power flowjiias been interrupted; there is insufficient prdgaure to create the friction .
. for clutch f@ictioning. The clutch shaft is supported by e pilot bearing in the fly- - :
. . whael and another bearing on the other end of the ghaft. hen the driven member is =,

o _ stopped, the pilot bearing reduces friction between the clutch shaft and the flywheel. "
There is rio friction at the pilot bearing when the driving and driven members are - ﬂ\
turning at the same speed. A clutch release bearing reduces the friction between the :
rotating members and the controlling mechanism. .- . -

2. Snap-over-center clutch (fig 3-4). This clutch operates basically the same as the : e
spring-loaded clutch, However, the pressure required to bring the driving and the
driven members together is provided by‘an dperator through the centrolling mecha- ) o
nism, Levers or cams in contact with the release bearing and the prespure plate = . :
rotate or pivot to force the driving and driven members into contact with enough . R
pressure to cause the clutch to function,” With the clutch properly adjusted and - R
fully engaged, the levers or cams are slightly over center and toggle in, The cam~ ' e
ming action of the levers or camns maintains the pressure until the control mecha~ R

‘ghism is moved to the disengaged position,

(2\' Brakes. " ) R . ' K I -l

e . - : :
(a) Genergl. Brake types, classifications, and principles of operation are gimilar to
clutches, The major différence between a brake and'a clutch is thet a clutch transmits -
3 power, both friction gurfaces are free to mdve, while a brake stops rotgtion, one
. _ ) friction gurface is stationary. There are disk, integy al-expanding, and external-
) . _contracting brakes. The most commonly usgd types of brakes gre the external-
‘ contracting and internal-expanding. The principal parts of a brake are the shoes which
) have a nonmetallic lining riveted or bonded to them.' They are normally anchored.to the
- viicle to serve as the stationary member, - The other friction surface is usually =
mschined metal surface on a rotating part, The parts of gne type of internal-expanding -
- ' / brake are shown in figure 3-9. The length of lining on the primary and ipe secondary e
7 shde of some internsl-expanding brakes is differemt. Some primary shoes have a g
shorter lining than the secondary shoe; others are the same length. ~

@
~
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TFig 3-9. Int‘ernal-expanding brake.
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(b) Brake control and operation. A brake can be controlled by the same methods as a

clutch, * As indicated i figure 3-9, some brakes are designed to add additional - L.

pressure through their action. Brhake systems are often referred to as service, ®

o - parking, transmission, and operating. Service brakes are those used for stopping or

: controlling vehicle speed under normal conditions. . Parking brakes, used to hold the
machine when stopped, are s'om'etimgs called emergency brakes. Transmission .. . v
brakes are uged to slow or stop the transmissiont and power train parts for easier
and faster shifting of transm;ss'ion gears, Operating brakes are tho3e used to control~

- -the attachments, . ) ) . = e

(3

‘

(e . 1, Mechanical, Mechanical control methods use a system of levers, linkage; and cams to

actuate the brakes: (fig 3-10), Movement of the lever is ttansmitted to the cam through

' -~ . the linkage., The cams rotate amd cause ptessure to be exerted on the brake lin!}ng which
contacts the brakedrum and creates gufficient friction to §low or stop the moving
part or component, Sometbrakes use 'g'pring pressure to actuate the brakes and the

' ~ cams to release them. Some of the mechanical sygtems will toggle in, allowing the
operator to leave the machine with the brake applied. The mechani¢al method of

, brake control is used on many of the opgrating brakes of engineer equipment. ) -

° | W TO EXPAND BRANY SHOUS “
BRAKE sHO®. ' :
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Fig 3-10, Mechanical method of controlling brakes, ‘ .
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*
Jdmulic-acmated (ﬁg 3-11), This ts the most used method for controlling passenger .
vehicle brakes, Through mechanical levers or pedals and linkage, pressure is
. applied on a hydraulic fluid that is tranemitted through lines to the brake' control
* cylinder. Pressure on the fluid causes the cylinder piston to move and a mechanical
link transmits’the movemen) to the brake. On an internal~expanding brake the pistori o

< ° \ moves out, causing the brake lining to contact the rotating member.

N P

~p

ro

-

~N\ag

Fig 3-11, Hydraulic brake system

B

. _ 3. Air-actuated, These brakes aré stmilar to hydraulic brakes, Where the pressure is
transmitted by fluid in the hydrhulic system, pressure is applied by compressed air
or stron ings in.the air-actuated gystem. Some systems use air preadure to . .
\ . ‘ engagé the EM3 12), while others usg air pressure to keep the brake released. .
An air compressor; driven by the engine, compresses the air which is then stored . ' e
. in a reservbir, Air pressure is regulated by a governor which controls the air R
compressor. Movement of the brake pedal or lever opens a valve which allows the I B
air to flow to the brake chamber, Air pressure fb the chamber forces a diaphragm = ;o
to move and also moves mechanical linkages T
The system that uses air to'release the braked is very similar. lt uses air pressure’ SR
- , : to overcome spring tension and force the brakes away from the drum. y - : N
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. *>  Pig 3-12. Aifbrake system. '
' 4. Electrical),f‘é&tuated. These brakes are ysed pri_marily.to'control attachments, al- ;-\-._ P
though some vehicles use electricity for other brakes, Figure 3-13 shows the electric
brage controllér and a disassembled view of an electric brake.  The operator moves
a lever on the controller which varies the current to the brakes according to the <
position of the controlter lever. The current flowing through the magnet assembly
creates a [nagnetic field which attracts the armature assembly. The armature : <
rotates with the rqtating unit and _as the magnet pulls téward the armature it also
tries tq rotdte. The rotation of the magnet assembly. causes a camming attion on
the brak#, stopping the rotating unit. : - T
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- d. Miscellaneous, Items of engineer equipment use oné or more types of clutches, brakes, and
control methods. A crane may use a brake to assist the operator to engage the main clutchor a

. clutch may be uged to rotate a capgn which will appl¥ a brake. The scoop loader has air-assisted
hydraulic service brnji: and & mechanical parking brake, Some crawler-tractors haye hydraulic .

boosters to assist in disengaging the steering clutches. Because there are several types and . . .
methods used, you shotld study:the TM for the machine. Study the principles learned from this .
course and apply them when attempting to replace, repair, or adjust a clutch or brake, . . e

>

., 3-3. TRANSMISSIONS, TRANSFERS, AND GEARS J ‘e

a. Genperal. ) . . _ -
(1) Purpose. Transmissions, transfers, and g‘e}*s provide ‘a method of increasing torque
- or speed and a method of changing rotation or direction of the power flow. An engine )
- is designed to produce maxiinum power at a specific rpm and to rotate in one direction,
_ It is through the gears of the_gower train that an operator can select the direction of
. travel and a gear ratio that will allow the engine to operate at the most efficient rpm. T
.~ The component parts of a transmission or transfer are enclosed in a caase. * -

Gear types and ratio. Gears are used to transmit rotary motiod. If there is to be a

' cHange in speed, directign of rot§tion, of direction of power flow, the motion will be
transmitted from one shaft to aggither. The gears are selected to fit the application
and provide the desired ratio. ears are mechanical levers; they provide mechanical
advantage for rotary motion, Study figure 3-14 and note that moving the long end of the
bar 12 in. will orily move the short end;of the bar 6 in, A1 note that it will require <0
25 1b of pressure on the long end to move the 50-1b box, This is expressed as a ratio
of 1'to 2. Now consider the gears as the bar. If yqu turn the large gear one full turn

. the small gear will turn two full turns, However, it will require twice as much effort .°
to turn the large gear. In other words you have increased the-speed, but you hyve re-
duced the torque. This ratio is also expressed as 1 to 2. If the small gear was driving,

. the ratio would be 2 to 1 ot 12 ¢teeth of driven gear) to 8 (teeth of driving gear). You
will also note that two gears-in mesh mounted on shafts side by side will rotate in opposite
directions. There are several types of éear;s; each can be used to provide a mechanical -
advantage, but some also have, other functiona,’ ) , N .
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Fig 3-14, Ilustration offMi&ihdvantage. . :
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. (=) Spur geare (fig 3-16), These are the most common type of gears, o
. have teeth cut straight across the gear and are used where the gears must slide in and out
! of mesh with other gears or wheres side thrust would be undesirable, Helical spur J :
o gears have the teeth cut at an angle and are used where more tooth contact.and quieter .
operation is desirable and where side thrust is no problem. Helical ﬁenrs axe used to

. operate in constant mesh, . :
* \gl

Straight ' ) . Helical - ‘ .
spur ' spur A ¥

{'\. -
¥ ({ ig.3-15. Spur gears.

~ ’ =~

(b) Bevyel geaxs (fig 3-16), These are used to change the direction of power flow. Power A
‘. enters at one place and emerges at a 900 angle, Like the helical spur gears, bevel gear "voe 'f?g’

teeth are cut on a curve or an angle to increase tooth contact. Bevel gears are usually pro- . ’ . i _

vided in matched sets consisting of a pinioh and bevel gear. Some bevel gears are - '

. referred to as ring gears because of their-application and mounting, such as the ring :

gear and pinion in the differential of your automobile. ' -

.
yi 3

(Straight) (Hellcal) , - : :

Cos S Fig 3-16. Bevel gears. =+ - o
-~ . - . .
(c) Worrx gea’rs (fig 3-17). These also change the ‘direction of power.flow, They are gener-
_ ally used for slow speed applications and-where thejr action is needed to resist rever?‘e‘
- . - torque action,/ The power enters at the worm and drives the gear; should the power (- v, / i
flow reverde, the gear would force the worm against the friction surface causing, t . o '

' enough friction to reduce or stop the power flow. The most common use for worm » -

T . gearing is automobile steering. The worm tan be compgred to the threaded part of

» a bolt, and the gear to a rounded nut with external teeth to match the bolt threads. - .

LI . D
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e »
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Fig 3-17." Worm gear. ' C ]
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() Ring gears (fig 3-18), These gears have teeth either on the inside or the outside and
are usually bolted, pressed, or constructed to another part., The most common usés
are: the external ring gear that is pressed on 'the flywheep, the internal ring gear used
to join two gears located on the same shaft, and.the internal ring gear used in n

‘planetary gear system,
i 3

S ; | £

< . EXTERNAL RING N _ INTERMAL GEAR
GEAR AND FLYWHEEL . :
. 4 ‘ s —x -
‘. : ) Fig 3-18. Ring gears. i

(¢) Planetary gear system (fig 3-19). This system is composed of spur gears, ring gears,
4 shafts, bearings, and other components. Although often referred to as a planetary gear,
it is a gear sysfein, The system consists of.three rotating memberg: the internal ring
, gear, the sun gear, and the planet pinion get. 'The planet pinion set congists of the

planet pinions’, the planet pipion carrier, and the planet pinion shafis and bearings. '
Planetary syst\éms are uged in transmissions, rear axles, and winches. The system

is arranged so that gear ratios can be increased or decreased, and so that the direc-

tion of rotation can be reversed by holding cne of the rotating members and turning

the others. There are gix pos‘sible selections for the system shown in figure 13-19.

For example, in the chart (fig 3-19), if you hiold the sun gear and turn the pinion

carrier, you will have an increase in speed. )

' SUN GEAR M
RNTERNAL GEAR
@
AY
.
. B .
> o - .
.
.
s
- b -
-
hd -
)
- ,
<
1 n N
PLANET:PINION CARRIER
CONDITION 1 2 3 4 s "
N Al
[~ N GEAR H H v " v -
AY
! PNION CAGE L 1 H 1 H )
NTERNAL GEAR ' 1 H 1 H w _ . 3
. H—HOLD 1 INCREASE OF SPeED . ' . . »
¥ ~TURN l—“Dl!CYPON Of $P2ED
R—REVERSE .
Fig 3-19. Planetary system and action chart. f\.
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(3) Bearings. Within the different gearcaalls there are bearings and shafte which reduce

friction and support and sline the gears. They are produced in gnihy gshapes and sizes
and are machined and treated to' withatand twisting and shock. The gears may be splined

- on the shaft, keyed or pressed to the shaft, or mounted on bearings on the shaft., There

(a)

(b)

are two general types of bearings: sliding surface and antifriction.

t '

Sliding surfage bearings, These slide over each other- without turning, An accurately

machined surface that allows anothemaccurately machined surface to slide over it id a
simple form of the sliding surface bearing, However, to reduce costly replacements, -
a soft material is used to line or, coat ond of the surfaces so that only the aoft relat{vely
ingxpensive material will reqiire replacing. The most'common materials used for
sliding surface bearings are brass, babbitt, and lead alloys. These are shaped,
machined, and treated to reduce friction and wear of the more vital parts.

v €

Antifriction bearings (fig 8-20). These bearings depend upon rolling contact rather than

sliding contact, They are the ball bearings and roller bearings which are used throughout
the power train, These bearings ordinarily give a warning before compléte failure by

gradually decreasing the smoothness of operation, The bearings are designed to withstand .

radial loads, thyﬁsl loads, or angular loads. Some will withstaud a combinationof
the different loads. Figure 3-20 illuatrates the different bearings apd how they are
designed to withstand the different loads. These bearingsg.are constructed frqm very
hard materials that have been machined with precision and treated to withstand high
speeds and heavy loads. The bearings consist of an inmer _and un outer race whi¢h

act ag a_wear surface or path for the balls or rollers. Although some antifriction
bearings are prepacked and sealed, bearing life depends upon proper lubrication and
cleanliness; a pit or’sacore no larger than a pin point will cause unsatisfactory bearing
operation. The bearings are installed 8o that one rage will turn with the shaft or
other rotating member, The balls or rollers roll-as the‘component turns with minimum
friction/ Antifriction bearings are designed to withstand the different type loads when
install¢d properly. Improper ingtallation will cause the component to fail.

N . “ .
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NOTES! . (
sASICALLY ALt AntiFRicTION Bipflinas
CONSIST OF TWO HARDENED STREL RACES,
THE HARDEYED nmkn ROLLERS AND

RALL - SKPARATOR. A NUMBJAOF VANIATIONS. .
BEARING  OFTHESE TVEES ARNE INUSL, SOMETYIES,
V- - OUTSIDE  SUCIHAS THE NERDLE ROLLER BRARINGS

IRt VNG CIAMETER  MAY M USID WITHOUT AN INNEA RACE
v P B : THX NOLLERS DIRRCTLY CONTACTING UPON
: THE MARDENED SHAFT, NEEDLBMARINOC -
HAVE No sEPABATOR, . - o
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. 7" Fig 3-20, Antifriction bearing com?.fnept parts, e -
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ngLOn ggd trangfer types. " There sre two basic types of conventional transmissions: v

/ T o

/ sMdings gebr nd Qlanetmy Marine Corps engineer equipment uses both types. The planetary .

. system is used In the torgmatic transmission and in other vehicle components. There are three
kthds of sliding geggtransmlssions sliding-spur-gear, constant-mesh, and syncnromesh, Yo

e

(1 ) Slidind-spur-gear (fig.3-21)." Thig—«iﬁ/: sim\pte sliding gear transmlssion. It is the type
used ir. some orawle fztors, similar gear trainas of cranes, and for some transfer .
cases. The comp@ rts can be enclosed in a ca or they can be eXposed. An o
exposed geax‘ systefh is referred to as ''the giar traif) s

N !
(a) - .Components, The transmission, (fig' 3-21) consista of four shafts, seven'-geﬁrs
(revm ge ldler gear not shown), bearings, seals linkage .and the case,

.

1. The-input shaft is splined on one end tb provide a re;\.ethod of attuching t to the clutch o
shaft. A gear is pressed or keyed to the opposite end. It 1 suppoffed by a bearing - .

. at the engine flywheel and a beir-i’ngg‘the tran%miss&)n case,
PN (

The main drive gear eyternal gear (fig 3-21)48 keyed to, sed to, or constructed

as part of the input shaft, It is two gears constructed in op® piece. It has extertinl

teeth that mesh with the countershaft drive gear and anofffer set of teeth that will

mesh with a gear on the main shaft. The.t h that mea}) with the main shaft geai ’
can be either internal or external. ‘The mfin dri (

a4

- is also m iped to redeive
)
BEp—— . a bearing and of some machines splines smaller than the inside ﬁtﬁ&ﬁ? er of the

bearing are cut, The splined portion provides a method of ing an attachment
power-takeoff (PTO) shnft. o . o

v - )

10

The main shaft is splified so that gears.can slide nqong itg length; On some machines A

it is also hollow. It Is supported at one ‘end by the bearing in the main drive gear e '

and at the other end by a bearing in the case, ~

. x

The two maln shaft gear e internal splines and sﬂde Qn the main shaft. Hub

extensiong have been machtn&l to the gedrs for shiftgr forks to slide them in and

out of mggh with the other gears. - The second- and third-speed gear has an internal

. gear (not shown) which can mesh wjith the‘?)ernal gear on the"inpu‘jjx‘aft. These - .
h extensgion. J/ : .

e

n

are the gears moved by the operator through linkage that fits the hu

‘The countershaft is a solid shaft suppbrted at Qd} end bysbearings in the transmission
case. Some. machines have the countershaft extended through the front of ‘the case 80
that the power will flow back totvard the front. - - .

14}

6. The countershaft gears are keyed and prgssed%o the countershaft The countershaft is
in constant mesh with the main drive gear. The first and second speed countershaft
gears are counstructed in one plece, - When the input shaft rotates, the ¢ountershaft
and gears™sigd turn. : . =
g I
7. The reverse idler shaft is pressed into the case, and the reverse itaer gear is L
supported by a bearing on the shaft (not shown). The reverae idler gear is in
constant mesh with the countershaft reverse gear. e . . :
(b) Function, Power from the clutch tupns the input shaft and gears. The counters\-aft .
drive gear, being in mesh with the main drive gear, will also rotate, but in the opposite
A ~ direction, causing the countershaft and countérshaft gears to rotate, The reverse jdlgr
gear will rotate in the opposite direction of the countershaft reverse gear. ‘The main
shaft and gears will not rotate unless the power train is moved or the straight spur
sliding gears are in proper, mesh. If the second- and third-speed dear {s moved forward
- and the internal gear and external gesr mesh, the main shaft will rotate in the same . ¢
direction as the input shaft, If the gear is moved to the rear and i mesh with the .
countershaft second-speed gear, it will rotate in the same direction as the input shaft,
but at a réduced spee&)ecause of the different gear ratio. When the rirst and reverse /\/7
+ gear i8 in mesh with the reverse ldler gear, the main shaft will turn in the opposite :
direction of the input shaft. * Study figure 3-21 and hote the size of the gears. Trace L
the power flow through the gears and visualize the-gear reductions. Remember that. L
when a large gear s driving a smaller gear there will be an increase in speed and
that direction of rotation will change when tranamitted from one shaft to another shaft.

. - H . 3-14 . N
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Fig 3-21, Sliding-spur-gear trandmisaion, . : . ' .

. (e) ugricatigg The geirl, bearings, ‘and linkage are generally splash-lubricated \by a
heavy gear oil, GO 90. The case is filled to a specified level and, as the gears rotate,

7

' . theoil is !plaphedwnto the other parts, . A
o ~ e T . /\/' "
(2) \Constant-mesh, . )
) "Gﬂbraf Although a transfer case (fig 3-22) is differént in nomenclatyre, the ( N o
i ration shows that constant-mesh and sliding-spur-gear transmissigns and transfer - '_
semblies, S . ’

case'd\ re similar in construction and function. In the constant-mesh
the mxﬁn shaft gears are mounted on bearings and depend upon anothe gomponent, . p
‘the slidingigear (fig 3-22, ltem 5), to transmit the power from the maig shaft to them.
The main- tﬁnft gears remain il one pla,ce on the shaft; they do fiot slidé along the

shaft as the stx:zaight spur gears do. They are in constant mesk{\ with the gears gp = .. o
‘another shaft, 'Qhe constant-mesh transmissions normally ude a straight spur gear . T
for the reverse and first-speed main shaft gear. , You will note that the constant- mesh

) gears (fig 3-22, '?ﬁs’e 8, and 10) afe helical gear.this allows more tooth contact
‘b‘ and quieter operation

\
r

(b) Function. Power. enterq the came and rotates the main shaft and the sliding gear. If
the sliding gear is ‘moved forward, it will engage the lop-speed pear HMler low-speed

gear fig 3-22, item 20), and transmit the power to th driven shaft, e conatént-
mesh gears will also rotateon their antifriction bearings.’ If the sliding geer is
moved to the rear, the straight spur teeth will mesh with,the interngl teeth of the : ) J
\ main drive gear and transmit the power to the driven shaft, R v - «
_\4‘ . (c) Miscellaneous, The transfer case in’ ﬂgure 3-22 has four pointa for httaching unita to '
® . : be driven. Item 1 recsives the power, item 22 is an acceuory drive assembly, item .
) 9 is the rear wheel drive, ‘and itemn 15°is the front wheel drive.. Also shown are sliding *
clutches, sometimes referred to as jaw clutches. g( - -
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1. Compan)on yoke ( 8. Idler'direct-speed gear 15, Companion yoke

2. Shift shaft 9. Companion yoke : 16. Declutch shift lever

3. Lock ppring, plunger, 10. Driven gear 17, Lock spring snd ball

and ball 11. Driven shaft 18, Shift fork

4. Shift fork 12. Declutch driving clutch 19, Idler shaft '
+ 5, Sliding gear 13. Sliding clutch 20, ldler low-speed gear

6. Main .drive gear 14, Declutch shaft 21, Main shaft .
. 7. Ball bearings ' 22, Accessory drive

" ' ‘ ﬁ \ assembly

. Fig 3-22, Transfet case, sectidn‘al view.

(3) Synchromesh (fig 3- 23)

(a)

-

(b)

General, The straight sliding spur- geax auud the constant-mesh transrissions and .

transfers require the operator to stop the gears or have them rotating at the same speed.

before changing to another gear ratio. Synchronizing gear speed is accomplished by

a gear syatem similar to the constant-mesh transmission with friction surfaces on

the meshing components in a synchromesh transmission. A synchromesh clutch )
replaces the sliding gear. It is splined to the main shaft and has a gear with external
teeth, friction clutches, and a sliding sleeve with internal teeth, . Constant-mesh gears
also have small external teeth gears and friction surfaces machined to them. The
‘gliding sleeve will mate with the external teeth locking them together. e

Function. With the power train turning, the operator disengages the engine clutch and _
moves the selector lever to change the gear ratio. When the original gear is diseng: ged,
the" power train continues to turn, but the input shaft and parts stop. As the lever is
mgqved farther, ‘the friction surfaces come together and cause the two gears to rotate,

A, spring-loaded ball prévents the sleeve from moving far enough to cause the gears

to clash, When the speed of the geara is the same, the ball allows the sliding sleeve

to engage the external teeth and lock the gears together. The power then flows from

the engine clutch to the synchromesh clutch and thirough the allding sleeve to the gear.

3-16
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Fig 3-23.. Synchromesh clutch. 4
3-4, HYDRAULIC’COUPLINGS AND TRANSMISSION ' .
. a. Hydraulic couplings,
(1) Fluid coupling (figs 3-24 and 3- 55) The smoothest and simpl est method- of‘t'rahnsmitting -
S \ torque is by a hydraulic coupling. It is a fluid-friction clutch with a 1 to 1 input-output
torque ratio. It consists of a pump and a turbine operating within a case filled with oil. ' -
Fach element (pump and turbine) has straight, flat, radial blades. - As the engine turns,.
centrifugal force will throw the oil on the pump blades out {rotary flow) and across
(vortex flow) the blades. \ o N
( <9 >«
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H Fig Q--ZS. Schematic of oil flow innﬂl-xid coupling.
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When the oil leaves the pump sidep it strikes the blades on the turbine, and friction
of the ofl causes the turbine ta rotate. The faster the pump turns, the more pressure '
the oil will have; this will increase the friction and fotate the turbine faster., When the
power flow¥%s reversed and the output shaft is drivinf, the oil pressure from the turbine
will turn the pump. At slow speed or low engine rpm the oil is not moved with sufficient
force to overcome the resistance and the elements are free of each other._ A fluid .
coupling is like two fans facing each othér. - If one fan is running, the movement q$ the »
- air acrgss the blade of the second fan will utartjlbrotat;hfg!‘ If one is suddenly turned
off and the ‘other on, it will cRuse the original driving fan to be driven, -
» . o ] ' ' - :
. u a .
(2) Torque converter. A simple torqu,icmverter is similar to a fluid coupling. . A torque
converter has vurved vanes and additional rotatable membérs that ﬁr."oﬁde a means of :

» torque multiplication and also act as a fluid coupling. A torque,couyerter can be utilized :
to replace a solid friction conventional clutch and cbm.'entional‘trz_msmia‘asion".r . ' ’
(a) Operation. All torque ronverters have a t}liﬁimum of three elements: pump: turbine,

and stator (rotatable member). The stator changes the direction of the oil for return _

, to the pump. It can rotate, but is stationary when there is a great d!ff‘erence between *

pump and turbine speed, If the stator did not change the direction of the oil from the _
turbine, the ojl/presgure would flow in the opposite direction of pump rotation and act '

as a brake. /& simplé torque converter and the oil flow are illustrated in figure 3-26,

- . . : e
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ﬁ Fig 3-26. Torque converter aknd%hﬂ flow.

Torque converters used in Marine Corps equipment are similar to the 2-stator assembly in

figure,3-27. The stators are designed to freewheel and act as a fluid coupling or automatically

lock to provide the reaction for torque multiplication. The stators are mounted on cams on the

ground sleeve. The cams will let the stator rotate freely in the direction of the pump, but they

lock to the housing if they try to turn against pump rotation. They are like the coaster brakes

on a bicycle that allow the pedal to turn in one direction only. Oil is passed from the pump to

the turbine and directed toward the center. The oil that leaves the turbine has' not expended all

of its energy. This oil strikes the stator, ‘which tries to rotate, but locks. The blades of thege

stator change the direction of the oil so that the energy will assist rather than resist pump rotation.

The engine speed remains steady and the energy of the oil is added to the energy of the engine

which provides térque multiplication. -As the turbine gains spetd, the oil will strike the back of :
the stator blades causing it to freewheel.(rotate in the same direction as the pump and turbine). %
When all ele ents are operating’at the same speed, the torque converter acts as a fluid coppling.
The friction he oil across and through the system cantcreate enough heat to .do damage. -
The movement of thg parte also causes driction heat., Consequently, friction heat and forei e
matter which cause Wear or restriction create most converter maintenance problems Theﬁ :
/greatest amount of !ricuon occurs when there 17 maximum torque,

>

e

A




ERIC -

3-28 1llustrates the direction of rotation and how the gear ratio is affected.
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N Fig 3-28, Planetary output combinations..
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. - Fig 3-27." Four-element torque converter.
A torque converter can be uged with or without a solid-friction clutch.

e converter used in crane-shovels is equipped with a solid-friction clutch
betwden the engine and the converter. The equipment that has the torqmatic transthis-
sion has a similar torque converter that receives its power directly from ine engine,

In the torgmatic transmission application, the torque converter will al8o perform other
functions. ’

b. Torgmnt_ic transmigsion, “The to__;'_qué multiplication of't'he torque converter ig further
extended through a constant-mesh planetdry gear system. The torque converter and the gear
sygtem have been combined into the tor@matic transmission that nas three speed ranges foryard
and three speed ranges reverse. The gear train is controlled by multiplate, oil-cooled, fricuon
¢lutghes, )

(1) Principles of operatioh. Earlier in this chapter you noted that a simple planeiar‘y system -
ot will provide 3ix different conditions (three forward and three reverse speeds).  Figure
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Ag {llusirated in figure 3-19 and figure 3-28,' the dirégction of rotation and the speed of the
output shaft are controlled by the size of the gears and the member that is held stationary.
The torqmigtic transmissiop uses five clutches which are hydraulicdlly appliéd and spring-

released t& contiol the planetary systems. Figure 3-20 ilLustrgtes the poSition of g\é

clutghes in relation to the plan’gtary system. O}l pressure froo a pump in the“torque- i
convirter flows through the control valve assembly where the operalor selects a rahge -
.and a direction. Study the achematic and note that the reverse planet pinion_cage ¢an be
held by the clutch, You should also notethat the reverse riny gépr and tife forward planet
carrier form the planet pinion cage for the forward clutch; the high-range plangt carrier

and the low-range sun gear form thé planet pinion cage for high—‘l’*@nge clutch.® This is

a compound planetary gearing system. All gears within the system remain in constant
_mesh; there i8 no need to slitle the gears in and out of mesh since this can be accompljshed

by engaging or disengaging clutches. When the torque~converter output ghaft is t_fxrning‘

there is power hvailable to the forward and reversg sun gedrs. By engaging one of the’

clutches, the power will be transmitted on tfu‘_o‘ugh the planetary gearing to the range

planetary systems. When oneof the range clttches is engaged, tne power win'flow througgh‘"

.

the transfer drive gears to the'qutput shafts. - - .
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déder,: and the- 3-ton hydraulic crane, Variations

The transfer drive ig arranged to provide front and ré’ﬁrfo}xtput shafts and a method of

driving accessories, - L .
. . - - ! t

- N ] -« { . g - .
: ‘Fig 3-29. Torgmatic transmission and selector yalve agse% . .o
. (2) A lication. The torgmatic tran-_amis-sio;n is used in -h_e,_.. i'klitt, wh ._ed,trac'tor‘,\ 8coop=:

' the Rlanetary system will be found
© 4in other itemg of equipment and other components, ch ag the wheels of thé MRS-100, .

(3) Maintenance, . Maihtenanpe' of the torqtie convérter gnd the torqmdtic tranemis_sién is .

limited Ro changi_hg the oil .and replacing, the filter. At the present gimé,' faulty trans-

migsions are replaced with a new or factory rebuilt'unit.” Most problema you epcounter
will be due to improper operation or negiected opergtoy's ;naintenaﬁce. Remember that

- there is friction within the unit and friction causes heat; N,E‘.VER allow the convepter- -

out temperature to exceed 250° F. The transmissgion Tlutches are engaged by ofl pressure

and relgased by spring; if there is no_oil or oil pressure, the item will not move, Broken

sor weak springs or a restricted oll passage will pr
- servi¢ing the equibment, you should refer to the specific TH for the item of equipment.

o, . » .
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# ' -Introduction, The vehlcle's power, having been transmitted through a compdnent suéh as
the lransmwsion is cArried along™he power train by a propeller, or drive, shaft. Propeller N
shaft is the\common term; hawgqver, elther ¢an be used and is correct, In- amphibious yehicles - -
hoth terms gre used; propeller shaft, ‘te indicaté"the ccigice that carrieg power to the propeller,’,

. and drive shaft, to indicate the device that delivers power to the, wheels. The propeller'shaft
‘may be either foltd or tubulgr. The twisting stugges in a Bhaft vaxies from zero at the axis to a
maximum at the outsidé. Since the center of th haft resists only a small portion of the load,

- ’ hollow shatts are used wherever practicable. It 1g-attached to the components such as the

) ) transmission and differential of automotive vehicles by a universal t or joints, '¥hd slip joints, : -
. . ) . ' ' T ' :
- : b. Slipjoints. S s ot i‘ ) "

¥
L]

(1) Because flenng ‘of the springs, component mounting, or operation cause the component
. housing to niove forward and backward, "a slip joint is installed. This allows the pro-
. pellel sh'xft to lengthen and shorten as reqmred,"by operating conditions. -

(2) A shp Jjoint coyists of a malé and a female spline, a grense 'seal, and a lubrication
fitting. The rdale spline is.an integral part of the propeller shaft (fig 3-30) and the
) ©  fémale portion s fixed to the universal joint directly Behind the driving component. "As
- the compdnent Pusing moves forward and backward, the slip joint gives freedom of
: movement in a hbrizontal direction and yet.is capable of transmitting rotary motipn. . Ty

1
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ot ( Fig 3-30. Propeller shaft disassembled. ' _ )
3 .
. T Umvorsal joint. A simple universal joint (fig 3-31) is composed of three basic units: '
-one journal, and two yokes. The congtruction permits each yoke to pivot on the axis of the jour- & '

nal, 8nd carries the rotary motion from one yoke to the othier, As a result,’ the universal joint.
can transmit the power from the engine through the propeller shaft to the differential, which is
+ constantly movifg up and down in relatign to the frame.
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Fig 3-31. éimple gniversal'jomt. B
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(1) Characteristics of universal joints. A peculiar characteristic of the psiversal joint is

that it causes & driven shaft to rotate at a variable speed with respect to the driving
shaft”” This variation is in the forin of acceleration and a deceleration of the spleed, -
twice during each revolution of the driving shaft.

-

This variation of speed cannot be eliminated when a simple universal joint is uged.
Its effect can be minimized, however, by using two universal-joints (on& at eachsend of
the shaft). If only one joint is used between the t-ransmggsion and the ¢ifferential, the
acceleration and deceleration caused by the joint is registed on one end by the engine ang,
on the other end by the inertia of the vehicle. The combined action of these two forces
produces great stress on all parts of the power train, resulting in a nonuniform force
being applied to the wheels. When two universal joints are used, the second joint com™- .
pensates for the speed fluctuations caused by the first; To accomplish this, the angle |
between the transmission shaft and the propeller shaft must be the same uas the angle
between the prbpellqr ghaft and the differential. Another requiremént\ is that the two
yokes of the universal joints, which are-attached to the propeller shaft, be in the same
plane, If the yokes of the joints attached to the propeller shaft are in the same plane,
“the driving yoke of the firgt joint will be at yn angle of 90° with the driving yoke of the
gecond. The two yokes attached to the propeller shaft act as the driven yoke of the
second joint, With this arrangement, the first joint is prodticing its maximum fluctuatiq@ y
at the same time t% producing its minimum fluctuation., This results in
4 nonvarying wheél dfor en engine speed, even though the speed of the s aft

between the joints is constantly changing. .

_ ' a _
Ina universal joint, bearings are included at the fO%r points'.where the journal is;
attached to the yokes. In addition, one of the yokes usually incorporates a splined slip
joint, In one€ type of universal joint the joint itself incorporates a feature that permits

variations in length of the propeller shaft. .

(2) Journaltype universal joint. There are several variations of the journal—“type unitversal

v

joint, two of which are shown in figures 3-32 and 3-33, The universal joints of this type
vary from each other mainly in the manner in which the journal is attachkd to the driv-
ing and driven yokes, For example, in the universal joint shown in figure 3-32, the
journal is assembled in the shaft and slip yokes; the bearing assemblies are ingerted
from the outside, and are secured by spring bearing retainers ingide the yokes. The
bearings on the transverse ends of the journal are clamped to the flange yokes and .
gsecured outward movement by ring retainers. The univexsal joint shown in figure
8-33 differs from that sHown in Wgure 3-32 in the manner in which the journal is attached
to the flange yoke. In this universal joint, the bearing asgembly is contained in bearing
blocks. .The blocks are mounted against the flange yokes and secured with bolts extend-
ing longitudinally through the' yokes. . R

ey .
\

Fig 3-32, Journal-type universal joint with journal assembly in shaft and slip yoke.-
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" (3) General points, ﬁ
t ' - . )
(a) The universal joint just digcussed is the most common on Marine Corps vehigles, . . ¥
v Other types of joints may be found, especlally on'yehicles with 4-wheel drivejyhere ;
2 constant-velocity universal joint must be used in the front axle:it r duces speeg
variations, For more detdil on specfal universal Joints, check the TM,
, (b) Most universal joints d¢$ not require any maintenance for the life oflthc unit, Others K
may reqyire disassembply and lubrication periodically, k o .
(c) Worn univexsgal joipts will make noise. Check for worn universal joints by tu rninﬁ Lo
© the propell% shaft by hand. Excessive backlash or looseness can be felt by hand |
v pressure, ' Glighness at low to moderate speeds often indicatesyworn universal joints, - wa Y
3—}.. DIFFERENTIAL AND FINAL DRIVE _ ;
. R . - !
The propelling power train must be divided and directed to eact iving wheel or track.
. This is accomplished by-a differential or a final drive. The flow of fower #s turnéd 90°, The ‘
3 Y methods of directing the power flow f6F representative items of equfpment ate disaussq%below. n v v
_ a, M37 crane-shovel. This vehicle uses a differential similar to that shown in figure 3-34,
» 4 Itis located near the center on the underside of the lower base asgembly, The pawer enters at
. the vertical propelling shaft {pinion shaft)’and wotates each differential propelling shaft (axle shaft).
The bevel drive pinion splined to the vertical propelling shaft rotates the ring gear (bevel drive
gear). A differential case is splined to the ring gear and rotates with it, Enclosed in the differ-
.entialfcape are four differential pinion (spider) gears and two differential side gears, These gears
« are if'mesh with 8ch other, but are free to rotate in the differential cage. The differential pro-
" pellifig shafts (one long and one short) are gplined to the side gears. If the resigtance is equal )
- ‘on both side gears, they do not rotate in the differential case, but turn with tt\le assembly, When -
there is more resistance qn one s‘ide gear than on the other, it tries t%si)p. _'_I‘t}ts y{hl cause ~
the pinigns to walk around the gear with the most resistance, The pinions being ir mesh with the
other gide gear cause it to Lotate, The différence.in the gear ratio will causé it ‘@tgte faster, . N
As soon as the resistabe ‘eQualizes, the pinions and side gears stop rotating independently and K
rotate as a unit with tiff ring gear and differential case. Ty - v
v “ . ' | .
,--’-5 ' \ . 'ﬁ.
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\ A . o 170 - \“ﬂ %
‘ o LM A ' : v ‘e
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. . - . »
s _ " Fig 3-34, Differential with part of differential case cut away, . :
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b. Grader. Attached 1o the rear of the grader lower lrans—niie_;é'i_on, is the final drive assemb)y
. (fig 3-35), It turns the paower flow 90° just as a differential in otherjnachines, hut it does not
. allpwy one wheel to rotate while the other is being held, Wheels on hoth si f-the grader are
» . - receiving power when power is being transmitted through the final drive, Power is transmitted
- by the bevel pinion gear, wt!_'lch is made as a part of the lower transmission pinion shaft, being
" in mesh with and rotating the ring gear, The ring gear is keyed to a shaft and bull pinfon;
e component is called the'Jack shaft aasémbly when th¢ ring gear and partd are assembled,
* Tha bull pinion is in mesh with and rotates a byll gear, Splined to.each side of the bull ‘
gealare axle shefts which transmit the power to both tandem assermblies, The gear on the . ¢
lowér* transmission ‘pinion shaft and the ring gear are the spiral bevel type, This provides
more tooth contact and quieter operation, . The bull gear and the bull ginion are the straight™
spur gear tere. The bull gear and the jack shaft agskmbly are mounted on tapered roller
bearings which require adjustment. , The bearing preload s adjusted by adding or removing ’ ..
shims on the jack shaft assembly and an adjusting nut on the bull gear assembly, ' -

. . a E.
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Fig 3-35, Finalidr-ive agsembly, '

c. MRS-100 wheeled tractor. 7 Thig*vehicle is equippeé with-two identical axle assemblies.

"The only difference between the two is the manner in which they are connected to the tractor. o
. The rear axle has a rigid connection with th¢ tractor frame. The front axle is connected so that : i
o it can swivel, preventing torsional strain when traveling over rough terrain, Each hxle consists
of an axle housing, a differential, two axle shafts with constant-velocity-type universal joints, -
two steering spindie ngo(xps, and wheels, Some of the parts other than the differential will be _ .,'
discwsmed briefly bectuse they must be removed to perfdbrm differential repairs and-must be con- §
sidered when diagnosing problems. » . . '

l:\ . gne g P . . . . ‘ - . . * 1\\
(}) A)le assem’blj. The differential (fig 3-36) used in these assemblies is very similar to ‘

the differential used in the M37’crane-shovel. [t performs four functions: transmits
torque from the drive pinion to the axle shalfts, changes the direction of rotation of the
.drive parts 90°, provides for a reduction in the double-reductidn axle, antt allows one
“wheel to turn at a different rpm Trom the opposite wge{l, This tractor is also ejuipped
"with a differential lock which prevents wheel—spinnfng where the traction is poor. When
the locks are engaged, tiag two wheels Will rotate at the sanie rpm regardless of resist-
‘ance., The axle.is a'd lé;xeduction axle assembly; the first (;'eductio’n,is in the dif-
' . "*ferential and the 8 “ed n is in the planetary gearing in the wheels, Power from

_ thé "propelling sha gbtﬁe ‘axle housing at the drive pinion. The drive (ring) gear is
- 8 bolted to the differe clye and,is in mesh with the-drive pinion. Therefore, it will

rotate when the driveﬁfi‘\;ﬁmﬁu\'ges. The diffe rential pinions and dide gears fun¢tion

n

Eo=%

o the same as those in th

engaged, ‘The

side of the d

e shattgs

ntial ¢

thate'.'vfth the side gears or the differential case, Splines on one

<t

e

MWtrai‘h—sho”vel differential unless the different

locks.are

and a splined sleeve on one

le (tig 3-37) aljow the operator

to lock that axle shaft to the' case-by moving a collar to engage both sets of splines, With
the axle shaft splined to the sfde gear and locked to the case, the side gear must rotate

N at the same speed as the case, This prevents wheel-spin because one s

gear must

rotate faster and one slower than the differential case during wheel-gpifl,

v

s
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1. Catter Pin -
2. Nut, Pinion Shaft »
3. Washer » &
4. Companion Yoke
3. Slinger '
8. Capacrew
7. Lockwasher . 28.- Carrier and Cap Assembly 43. Drive Gear
§. Cover, Pinton Bearing 36. Carrier 43. Drive Pinion
9. Washer ) »w 27. Carrier Cap 44. Nut . il
M0, gl v 30. Washer 48.  Drive Gear Boll A
11, Gaaket 39. Bolt 48. Thrust Washer, .
13,  Bearing Cone 0. Loc Side Gear .
13. Bearing Spacer and Shims 31, Lock 47. 8ide Gear L
14, Bpacer . Lockwasher 4, Spider B .
18, Shims t ) 33, Capscrew . | 49. Differential Pinion - ) .« o, R
18,  Bearing Cage Assenibly 34, Adjusting Ring - (rour) ~ : - .
17.  Bearing Cup 35, "Besaying Cup : 80.- Thrust Washer (Pour) - . . .
18.  Bearing Cage 38. DPearing Cone 851. Case Half, Plain , .
. 19.  Bearing Cup-’ 37. Differential, Drive Gear  51. Adjusting Ring .
20. Bearing Cone. and Pinion Assémbly 83. Bearing (Drive Pinion ;Hoss) . i . iy
1. Shims 35. Case Bolt $4.  Lock <. : CooTE
12. Capscrew - 39, Nut : . 85, Nut Lock - ot
-+t 33. Lockwasher * 40. Case, Half, Flanged 88. Thrust Screw . L
. 34, Dowe! (Tapered) .. © 41, Gearget 87.  Jam Nut . ! Lk
A . — ; : Lo
' Fig 3-38. Exploded view of MRS-100 wheeled tractor differential, - o
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1. Alr Cylinder : : ' P 5. 4 o Shatt :
3. ' Shifting Fork e - !mrnal Spllpeﬂ)-—_ oL Control Lever.
4, mnonntgpl c;n ‘)/ Cet '1 smp mn( : : n ) sga_. Gear ..
- . o e .. -' 5 ;"‘ I,./“ i . .
Fig*& 3‘7 Dig're‘.t:er(ﬂal roch L .
.:,'.' " Z ,.-l" g ; - ,‘ « .
It wns Ihted oaﬂjer in this agur 6 t,hat un?oss a sfpemal umverc\; Jojnt Is'used there . .-
will be rluctuation in the g.peppL f)ﬂ sh;gft Ta- prevent ihis, o donstant-velocity unk- te )

versal joint gimilar to thgt,ﬂhmvn Ay f;gux“*S ~38 is'uged. The unjversal joint provides

a meansg of transxmiting, X 10 the wheels as they are turned fgt different angles. The
spindle group (fig-§; %)fsﬁrveé 49 o means of supporting,and steering thesyheels. It also
houses the conpta t/y’glaoi’ty uni\?ersal jomt Removal of the spindle group is necessary .
to remove the d{,fté,’x‘ent}al L - :

Fig 3-38. Constant-velocity universal joints. coo
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o §- Axte sra - 4P. , Brake Camshatt . T ¥ .
R . Housing Outer End .- 11. Slack Adjuster *'r 30, Planet Ge : )
3. Axle Housing 12. Brake Chamber 21: Ring Gear R
4. Steering Arm and Uppag Trunnion 13. Brake Rock Guards 22. Planetary Gear, ahnlt
3. Lower Trunnion . l)|. Sun Gear 23. Hub Cap
-, N 6. Rolder Beafng.. ., " 15. Wheel _ 24. Rim - < - :
. »7. Spindle R % 16 Brake Drum © 25.° Thrust Washer, Inner ' -
8. Spindle Support - - ;17 Roller Bearing 28. Thrust Wa,sher Outer L ’
| 4 9. Brake Shoe . : " 18.% Roller Bearing 27. Thrust Waéher, Inrer %L
) ' ’ : 28. Thrust Washer, Outer .‘ .
' - Fig.3-39. Sectional *iew of axler stéening"!and. -~ : .
: » . D l : Cwt .
(2) Rc_l_gﬂo__n_ het vchicles. The axdefhissemblies used on the MRS- 100, wheeled tractor
arewery s milar to thosc uged én o er wheeled vehicles. Some: parts of the axle as-
L] } semblies are interchangeable, but be sure to check the stock number before substxtutmg -
one of the parts, The axle asserfiblies of the MRS-100 tractor, the M60 crane, the scoop .
loader, and the forklift functjon alike. WOme of the yvehicles are not equipped - .
. with differential locks and some of the a ansemblies are hot steerable. “:’. | . .
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/ : , AUXILIARY EQUIPMENT

“

C 4-1. HYDRAULIC SYSTEMS -

+In a hydraulic system, pressure applied at one place will be transmitted by
it the system, The hydraulic systems used in engineer equipment work on the
_ liquid cannot be compressed, Another hydraulic principle is that a farce ex-
4 erted at dny point on a confined liquid will be distributed equally in all directions throughout
the system (fi)g 4-1), 'Hydraulic pressure and pigghn area p’rovidq mechanical advantage, For ex-
ample, the 5 s8q in. piston in figure 4-1 with a ht of 20 1b gives a pressure of 4 ‘pounds per
square inch (psi), This example cantbe reversed and you can visualize that 4 psi is developing
7 a total force of 70 1b (5 8q in. x 4 psi) on the large piston. /Travel distance of the piston is
) -related to.the volume displaced. Volume and travel distance are illustrated 'in figure 4-2,
4 .Note that the small piammusp move 4 inthes to dieplace the volume of liquid required to move

the large piston 1.4nchy  \-
' -

T ,Fif4-1, Distribution of hydraulic pressure. - Fig 4-2., Piston rﬂﬁvemént and
’ T . : T ’ volume displacement. : .

]
i

- v

b, Basic hydraulic systexﬁ,cpm'ppx)é'n'ts (fig 4-3). Hydff\:hcs ¢an be used to push, pu}l,\or\
turn components for operatidn. Some of the systems require a large volume of liquid for .

[y

_ operation while other systems are-similar to hydraulic brake system, L Lo
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{(n oil Eumn.f The ol pdfrip ig a device far/converting mechanical energy into hydrnuli(_' en-
cergy. It dan be driven directly from the engine or By one of th¢ vehicle components, It

can also be uged to

sgrve more than one system. There are various kinds of pumps,

such, as plunger, gear, and vane used in hydraulic systems. These cah be further classi-
fied as poaitive or non-positive displacement types. They are rated according to the

volume of output in gallons per minute (gpm).

Regardless of the type or clagsification,

they can-also. be a fixed or variable volume type. The fixed volume is changed by speed
only while the variable volurne pumps have mechanical means for c}T:_ging the volume.

Pumps do not create pressure, but they produce the flow necegsary

d lop .
Jevelop pressure.,

The pressure is created by a resistance to the flow. For example, a pump will cause
liquid te flow through a line until the line is closed and it fills. If the pump continues to
operate, the addition of more fluid will develop pressure. The pressure will act in all
directiong and restrict the flow, -The flow from a non-positive pump can be stopped by
this pressure, but from a positive displacement pump some.protective device is required

‘ to prevent damage, :

v

(a) Gear-type pump. There are both positive énfnon'—posjive displacement ge\ér-type

pumps, The pu
used most often

illugtrated in A, Tig 4-4 is a positive displacement type which is
he engineer equipment hydraulic systems where high pressures and

volume are required. One of the gears is turned and drives the other (follower).gear.
As they rotate, oil is trapped between the gear teeth ang the pump housing and pushed
out the outlet side. - The gears mesh closely and have very little clearance between ,

« them and the pump housing. - =~

x

-

v
LI

(L) Vane-type pump. Vane-type pumps can also Be positive or non-positive displacement
types., Thg}mmp illustrated-in B, figure 4-4 is a positive displacement type pump. It

has a slottéd rotor which is off center to the pump housing. - Fitted into the slots are

. the varies whicfi are freé to move outward, but side movement is restricted by the

pump housing end plate$,

sonme pumps, the vanes.may have springs which push

them ou‘%tﬂ.thc housing whilelothers depend upon centrifugal force to keep them out,
As the r3tor rotates with the vanes, liquid on the inlet side is trapped between the
vanes, the rotor, and the pump housing. Siace the rotor is offset; the liquid is .

squeezed out on the outlet side of the pump.
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(c) Reciprocating-type pump. A simplified recipicatng (plunger) is illustrated in fig

(2)

(3)

(4)

4-§. There are many variations of this simple pump, but the principles of operation .
are basically the same. It is a cylinder equipped with an inlet and outlet check valve

and a piston. For some applicationgs the check valves are replnce}i by ports which

are opened and closed by the pump piston or by another piston. One such application

is the brake system master cylinder. Some hydraulic engine gdvernors also use

this type pump, These pumpg are normally used where 1érge volumes are not re-

quired. As the piston moves away from the inlet port, a partial vacuum allows the

liquid to for he inlet check valve open and fill the cylihder.  When the piston starfts

in the gpposite direction, the pressure butlds up and forces the inlet valve cloged and

" the otitlet valve open.

' .PUMP!KRBQK; OUTLET ‘
[
<4— ) !
. CHECK
§ {TSTON VALVES
ARNRRRT
. iNLET - - ,
! -

Fig 4-5, . Reciprocating-type pump.
Supply tank. The sup;ily tank {8 large enough to supply thescomplete system ‘and to ’
malntain a reserve, -On some véehicles the supply tank may serve more than one system,

Oil strainer. The oil strainer protects the hydraulic pump by trapping the large{‘ par- .
ticles of foreign matter that may enter the suction line. It may be installed in the tank
or in the suction line as illustrated, o \

¢ -

] o - .
Valves. Valves are used in hydraulic systems to control pressure and the direction and ~

rate of fluid flow. The valve name is generally related to its function such as pressure

control valve or relief valve. There arc too many valve configurations to cover them
all, but representative type pressure and directional control valves are discussed bhelow.

(a) Pressure control valve., There are four l;asic typesi of pf‘essure relief valves: pilot -

type, differential piston type, guided piston type, and spring loaded poppet type. The
pressure relief valve is the moat common of the pressure control valves and is used.

to protect the system from overload. Figure 4-8 illustrates a simple spring-loaded

poppet relief valve. The system- pressure works agsainst \a_'sprlng;-loaqed poppet ball,

When the systenf pregsure overcomes the spring pressure, the ball will unseat and . .

allow the fluid to flow to the supply tank, Whey-the system pressure lowers, the spring }," :

will cause the ball to seat arid stop the flow, Some valves of this type are adjustable;

the pressure setting is changed by changing spring tension. - S
N . Y

-INLET__’ ? N % . 1 |
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. OUTLET

Fig 4-6, &mMeru%va.
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(b) }Il)i{(ectiTonnl control valve. This valve directe the fluid flow to the desired part of the o
ydraulic system. Some of the valves work automatically, but the one illustrated in
_ rigtnre 4-7 is moved by the operator or another force, The va shown blocks the
/A ﬂuid_*ﬂow or opens ports to allow flow. It will allow the fluid fo-flow in one direction
;’i only, hut there are valves which provide psssages for fluid refturn and bypass. Study
] the illuatration and you can seq that when both large passages are open tHe fluid flows . °
. K to the work, By moving the apool valve the passage from the purap can be closed off
. and stop the flow, but the fluld ¥6 the work is also trapped. "The drains &t each end _ o
greventbleakpge by the spool (hydrostatic lock) causing the ‘valve to lock in position, !
y com ining: two of these valves, a return passage for the fluid from the work could
be provided. ‘ S .
- o £ . * %
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R . . LY _ P
*- pig 4-7. Simple directional control valve. P D .
3 ‘ (5) Ram cy linder. The ram cylinder is connected by linkage to the part_tha(:s 10 he corf- N
_ _ troelled. enters the cylinder on one end and forces the piston to move; a8 the pis- \
’ : ' ton moves it will force out the oil on thé other side of the piston. ARhough there 18 R
: " only one ram cylinder illustrated {fig 4-3), most hydraulic systems will have several. - ' .
; (8) Lines. Theé lines carry the qil through t,hé system. They may be pipe, tu}ainé, or ) .
flexible hose with strength eénough to withstand the pressure. The line must be large
. _enough to carry the volume without sigpificant loss. - v
c; Maintenance. General maintenance of the: system consieie of keeping the supply tank filled . » ¢
to the proper level with the proper liquid, thanging the filters or cleaning the straine r; cleaning, R
and repairing leaking conrectjons. The most important single item of‘maintenance that will insure . -
. trouble-free operation is cleanliness; clean oil, clean filters and strainers, and clean vents. . - CoA
Most hydraulic systems except brakes use a light mineral base engine oil (such as OE-10). . The L
hT " 0il must provide lubrication and transmit the power; it should algo have a wide operatiP% ' -
temperature range. . - : o - R
‘ . * . . M ¢ T . . ' i ! .
. . L - N M ‘ ) - } N ) N g
d. Applications. Hydraulic systems are used.to control or assist in controlling clutches and _ :
brakes, to power attachment liffs and hoists, and to operate shop tools and equipment such as )
- jacks and lubrication e(}uipment. . . o . °
* . a3 A ' F oo . ‘ S ' ) ¥ bl
- - "4-2. COMPRESSOR o e ;
A a. Agplic"ation; An air compressor is usé'dyto ‘supply the air requirements for air-controlled -
componengs of enginegr equipment, It provides the air for airbrake systems, for tires, for - , , g
cléaning,‘nhd for air-operated lubrication equipment. : a e - oo
) ' b. Operating principle, Constru'cti_on' .othe reciprocating compréss_ore (fig 4-8) uged on Marine Lo
Pl . Corps engineer equipment is simi‘la'r to the interndl-combustion engine, They are belt- or gear- Lo ¥
driven by the engine. As-tie crankshaft is tArned, the piston moves up and down. "On the doWwn
~ .stroke, ntmongheric pressure forces the unloading valve off its seat and fills the cylinder, When 7~ . %
+ the piston starts up and the pressure.has become equal gn both sides of the valve, a’spring will o,
- i . close the'valve, trapping the ajr in the cylinder: Note that this unit ‘does not use a camshaft to | TR
v » open the valve: The piston continues upward compressing the air, and when the air pressure is ~ Te

. gufficient to overcome spring tensiorr'of the discharge valve, it pops open and the air flows to the
air-receiver. When the air pressure in the receiver reaches the set psi, the air governor func-
- tions and directs the air pressure to operate the unloading lever, The unloading lever holds the
unloading valve open and the pjston cannot compress the air enough to overcome the discharge.
v A

o wvalve sprihg tension. . - IR _ e
. | / Lo ) . : , ) 4-4 _ 8'01 “ | : .‘ )
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4-3. ELECTRICAL SYSTE . . ) . .

.
-

a. Introduction, 'I‘he alectrical sys‘tem consista of a generating (charging) circuit, starting ‘
clircuit, ignition circuit (not required for all equipment) lighting circuit, and instrument cixcutt
The mechanical operation of the many parts and components used in these circuits can be ‘obgervéd
: and understood, but the force {electricity) produced, transmitted, and used by them &annot be seen * - —
& and {s difficulf to understand. Only the behavior of electricity can be observed. The physical com- B
’ ponents can be repaired or replaced, but a knowledge of electrical.theory is necessary to test + . |
the components and diaghose the problems which may arise in them. ‘These theories are discussed '
in other MCI courses and gome TM's. - Because the theory will have an effect on the test readings - L
and observations, sbme basic potnts are discussed briefly in this course to emphasize thelr im- » o
portance, L : . N ol
(1) Direct-current {d.c,) eleotricity flows in only one dtrectton. It flows from-the negatlve
battery post or gdnerator tepminal through the circuit and back to the posttive battery .
post or the generator t‘rame ) 7 : e _ et

2’

1

(2) It raqulrea 1.volt to foirce 1 ampere through Y ohm of resistance, Resistance is af-
fected by the size (diameter and length) and composition of a conductot:

- (8) Cugrent fLowlng through a cor%giuctor will créate hegt in-thé conductor and a magnetic | o .
field around it, Eiectricity ig produced by moving a conductor through a magnetic field, B
and current flowing through a condnctor can be used to produce a magnetic field, . ok

By

e

b. Char in circuit. The functton of the char ging circuit Is to keep the StOrage batteries _
charged.  The circuit conSists of a generator or alternator,” voltage regulator, ammeter,. bat - _ ) L
teries, and conductors. The battery is the source of electrical-energy when the engineis . -. - '
stopped, when the engine ig idling too slow for the generator to supply the electricity, dr when
the circuit oxr some of its components fail. The lothér parts and components of the circuit trans—
mit, control, measure, and use the "electricity produced by the generator 25 the battery ,

> ¢

(1 Generator. Most engineer equipment is equipped with a generator to con.vertmechani— e
cal energy fPoin the eggine ihto electical energy. However, some of the rteu?er {tems e T
. . of equipment are equlzped with an alierriator, Both components provide d¢ eleqtricity o
- S for charging the battery or supplying the other eleotrical gsystem componéntp. 'Bqt_’h ,_
Sy - _ components produce alternating current (a.c.); howeyer,. the enerator uses brush€s to -
! B pick up the current froih a commutator and does not get the ac,’ The alternatér picks
' ' , up the current from a stator and thust pass it ‘through a diogé or rectifier to change-it l
todc for use jnthe electrical system, A diode or rectifier will allow the current to flow. y
v ' one way, but will not allow it to flow the other, By using a spevific number of diodes, al} = . .
.- of the current produced by the alternator ban be used while only half of that produced bya *~ -« w4
S generator is picked up and used, Either one is debigned to produce ailficient '‘current '
to keep the battery fully charged and have suffi¢ient reserve Yo carry the load of the
7 other glectrical system components, They, produce enough electricity to destroy them-
Selves if. not properly controlted, The current produced depends on the mumper and - - )

- ' length of conductors that pass through thé magn ¢ field,, the streﬂﬂth of th&,magnetic
- field, and the spéed of the generator (the. speed Fwhich the conductors pags through the ' _
, magnet £ field), The rpm is related to the engdne rpm, buf thig is not an effective . -
: metho of éontrolhng generatér output, ‘However, the rpm can be changed by changing |, -
.  the diatneter of the geflerator or engine drive pulley, Output is most effectively con- - :
-~ P \ - trolled by changmg the strength of the thagneti¢ field. ‘The magneti§ fleld strength is
; ' contro}led by 'the amount of urrent flowing throuéh the field coils, gSome generating
. . compohentg are controlled b& internal resistance or parts while ot}xprs are controlgd * N
A . by external parts or a combination of internal and- external partxst “These parts, whether : =y
i : S infernal or external, change the amount of resistance to the flow of current in the circult’ ' i
« that produces the gnagnetic_ field, Figure 4-9A" shows the path of current flow in a _ _
e : standard-duty type shunt gener tor, Nottce that the field coil is connectéd to the insul-- N
: a ated brush and is grounded out¥idy the generator.  This circuit is also Mnown ag an AT ST
o " type cirgyit,” Figure 4-9B is a heavy-duty {ype circuit “of a shunt genefator, - Notice. that
' S *thig generator. has the field coil grounded to the grounded brush. “This ctrcutt is also
: known as, the "'B"-type cireuit, B . S .

M oW Q - .




‘ s
N ~ t
— ‘ / . - *
. L b o - S
- ~ - ~ : B - . -
e . C : o YT / .
. 5 . : X _EJELD TERM{NAL . T _ . :
R i ) 7. N S ’ . ) c s 3 o {F) o . . . AP
- . ) "_' . ‘ ‘r( . . . co"HUTA‘OR . . -‘-. ' . - : . . ‘::
- O " . o . : _ S CONTACT POINTS ) < -
Y / ’ - ! ) Q " 4 '.‘I‘l':'l.
L - \ '
: 3 ; . ke | SN
. . - A R 4, S
AR L TERaTURE L7 ) \
- & - . IE’}"'NAL - ’ K

A
AN *

| L FIELD COIL o A

r

POLE SHOE" . . ' iy

| . MAIN BRUsH ~ BAIN BRUSHY T ]
) R -t (insiilated) . (grounded)™ | _ e

I . ) 2
" \ v ) P . N . .
. - i . . . .. . . . e e - D o
. - - A . . ' L - -
) K . . at . N < - o - - . B - - L
. 3 [ . R
L} ¥ . L.
- B q L. » '] . .
+ - )4 - + i ~ A \
N . ) ) s . . . P o kol . J 4 . Q o R . f . _ o
- N . - ‘ Ry S Te . . . - ) -
. . . . ] €. & . Re N Ty . ) R o«
‘ » . p o . %b . : T : Y S
[ . " TN «
s " > e IRarant ~ . :

< CONTACT POINTS -~ - % S

R P R _ﬁfﬂ_‘ ~ RESINTANCE IR B G L
_ | I s . P Co E v

N - * N ) ' . ’ . .. - \ . . L ..

. ; ’ r/cor:.mummn . ) S R

. - e Sy T TR N + oo b

\ I - i R o . . .

' \ . EEAERN POLE SHOE - . . :

= - O _ . . .

& L4 < . . . . . - ‘ . ) ;. -! 'v’:

: S ‘ 'MAIN BRUSH . | . R

. . .t ' (Msuluted) : C N

3 - . ’ A

N - b o T MAN BRrush =~ - _ R . ,
: TR SRS (grounled) . . - _ ) PR

vt ’ ) | B : - : . - T

5:“ . ( - © f M ' [} - B ) ) '/ N B

o N , e . . ) - ar a2 Nyt . g a -, - -
L o o~ ., Fig4-g A" dnd "B ty;g_é"gﬁunt generators, ¥ ] .

” . ' There are also oMég of generator ¢tr '}ts’in use, - Figure 4-10 is éacut@_a"y view
o " of &h alternator... The field coils of this"compopent rotate with the rotot while the tur-
_rent it produced in thé stator' wirfling.. Guitrent flow for the fiéld, but not for external
, - - usg, is transmitted through brushes and slip fings. A'newer alternator is presently.
.. _ being jested or use on engineer equipmer. ftis a’long-life, “intdFnally controlled, ¥
el e sealed nit with only.one’ exteDmgl cannection. . « AR S 1 ) S
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S '. . Fig 4-10. Cutaway vi,ew~of typical alternator.

v ~ . ”

(2) }l_gulator. This is th¥ component thult pptecta the generator by regulating the curgent m
-and voltage output and disconnects the battery from the generator w, en the generatd -

] . not operating, Figure 4-11 is a wiring diagram of a regulator for Jdsé with externally

‘ & grounded generator field windinga. The windings of the cutout relay and current and’

" voltage regiilator units produce a magnetic field to open ‘or ¢lose contact points‘ to gcon-
trol current flow through the generator field. Magnetism from the windings is opposed

by spring tension. . Notice thét this regulator algo has shunt windings to oppose the series .
windings. There are several types oﬂ regulator aaqemblies, each designed to-be used : . :
“with a parti cular type bt generato!r and electrical system, For exaniple, a regulator . .
such as the*one in figure 4-11 is*designed to be used with a generator like that jn figure ,
4-9A, Figure 4=12 .is a wiring diagram of a regulator used with.alternators in A negative Lo

. gro;und circuit In this system, the ﬁttery connections are very important ﬁ )
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B in motor is constrioted like the genera r, -but the internal wiring is designed to chreate, a

~arnd the resistance of the parts, However, there is eufﬁctent current to deetroy the eranklnt
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o " ' . Fig 12 bcnematiceof ahemator\;jh rging circuit < s * ? L
(2) Ammeter. m] nen onnected in seri. be veen the voltage regu}ator as T .

. It also serves a8 a terminal tc supply otker circuits with‘electr‘ictty. When the. con-a,
ductors are properly installed the ammgter will show the amount of currert flowing to

bly and ¥ and the battery ftg 4- 11) t measuyes the amount of current flowing jn the cir t.
% or from the battery except the. current ugd by the cr“ankirfg‘motor. X - .

(4) Conductore. Conductors used ip-the etrcuit are a epecific size (di eter) and.com- Cl
. position, Although thre length by conductor affects ount of resistance, the\{iame-:, o A
' *ter arid composition are the most tmportan factors. ConMctors are uged throughqt the :
‘electrical system and they mist be large enough and’of a cempgqsition that will allow the "/( ’
" current to flow freely unless specified resistance is required. ‘They must be insulased .
to prevent ghorting of the circuit. Tle connectors must be tight to the condpctor and ‘ <
clean and tight at the tex‘minal junctions, .

v ‘ e . N

; Ce Startirm circuit., Thid part of thé electrical ey,ptem uses efectrtcal energy from the storage oo
battery to crank the engine. The 'hasic components of the circuit are she conductors, switches, - _ .
and a cranking motor. “The conductors traniymit the eleetﬁkal _energy, the switches open and - . % r
close the circuit, and the cranking motoy converts electrical energy into mechanical energy. _ : LI
.Any starting circutt performs these bagie functions, but there are many d 8, each with . ‘
various parts and' components. Solenoids may be used to operate the switch®s and engage the '
cranking motor- drives, A solenoid will require an electrical circuit to control its operation, ' |-

. The solenold has a winding that cregtes;a magnetiq field te move link.pge and perfor‘m its opera- L

tion. Although it is a separate circuit, it 18 considered part of the stafting circuit.” The crank- : B

h strgnger magnetic field. It operaté B on the principle of magnetic repulsion: - like mag-
nettc ﬂs repel. “The ffeld and armature windings will allow more current to flow with less, .
resis ¢ than a generator and create stronger mbgnetic fields, Current transmitted to the
“cranking, motor divides; some flows through the field cofls to ground and some through brushe
to the commutath, armature, and to ground. The two magnettc forces repel each other and
cause the armature to rotatel A drive ussembly cted ta the arnfature either engagee N
the engine part gutomatloeny or is shifted into enrdigement by a solenoid, Some solandids a
designed-to engage the drive and cloge the starting cirouit, others just close the circuit or
connect more batteries in series to lncreaee the voltage avajlable for crnnktng. The amon "_
of currentflowing through the circuit is 1imiteq by the condition and capacity of the battery " " %

" - r
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motor, To prevent this. destruction, never operate the crgnking motor longe‘r than 30 seconds.
) R Allow it to cool for approximately 80 seconds before recranking,

.
S r———

d. Lifhting circuit., This part of the system provides the circuitry and componeénts necessary % ,
for illumination and for warning lights, The cirtuit consists of conductors, fuses and/or circuit
breakers, switches, and light bulbs, It is mad¢ up of one or more circuits. The light bulbs may,
N be single- or double-contact, bayonet- or screw-type,.or 3-terminal sealed beam, They may
have one or more filaments which produce light. .Most bulbs use the base as a ground, but some
of the sealed units use one of the contacts or terminalg as a ground. The cdntact or terminal is
connected-to a wire that also connects to‘the vehicle frame, Some lighting circuits use two wires,
_others use only one, In the singlefwire circuit, the vehi¢}# frame serves as the circuit return
(ground). This is the most common type in use today. The bulbs in a circuit, except the turn
. signals, are connected in parallel and controllad by a switch conniected in series. The turn
‘signale are connected in series on inost vehicles. The filament of a light bulh ie designed to ;
perform its function with a certajn number of amperes at a specific voltage. An increase in the =
{ voltajge will cause the bulb to fail, The current from the battery may pass thyough a resistor to
reduce the voltage, depending onyglgevoltage of thé system and the voltage r:l.uired for the cir-
cuit, A light bulb provii$s resistance, bt cirtuit breakers and fuses are used to protect the
wiring in case it shorts,/ If the conductor. shorts, the increased flow of current through the cir-
scuit:breakeér will cause the metal contact init to. heat and warp, This action opens the circuit .
and stops the current flow, The switch providea the operator with a method of opening and closing
the circuit; The lead that provides the current for the lights is usuaily connected to the generator
side of the ammeter or to a junction block in the circuit between the generator and the ammeter. .
; Connecting in this manner allows the ammeter to show how much curnent is being used from the .
. battery to opeyate the lights, bhut it does not show the amount of current that is provided by the s .
v . ge:aeratog-. for lighting. . !

s ¢ ~

. N > S
) e. Instruments. Some instruments used on enginger equipment are electrically operated
- € They use a sending unit connected to a gage by a conductor, -The gending unit mounted on the
4 . component (such as’the fuel tank) is 4 variable-resistance switch that activates the gage, - Al- . N
.. though emergency shutdown devides are not considered to be instrimep te, they have sending ;
units connected to solenoids or magnetic switches. Both types of sEffding units operate because Co-
of levers, pressure, heat, electricity, or speed. Some of the sending units serve.to ground the
circuit; others haVe twoAvires cdnnected, and open and clos e circuit between the two. The *
- . gages react to the amount of current flowing through them. golenoid becomes activated as -+~
soon as the circuit is opened or cloBed depending onthe mamijer in which it was designed to.
‘operate, The cutout relay is an example of a type of solenoiq that functions as sqon as cur(ent
flowmstops. The solenoid used on the ter requires current flow to activate it.” Some of the
emergency shutoff devi¢es have an ove&¥riding awitch that prevents operation of the emergency .

, shutoft devigts. | « - D o . .
. 4-4. S}EERINQ SYSTEMS ) ‘ ' " S

TTo—— mroduction. The maneuverability of engineer equipment depengs on the vehicle beirig able _
. ' to make short turns. It must be easily steered while op,ex‘ating over the roads or in rough terrain ‘ -
Crawler-type vehiclegs use steering clutches and brakes while the wheeled vehicles use a: rugged L ..
automotive-type steering, Some svetems have independent rear brak*o agsiht steering. '

A A sreme R . .

8 ' f . - 4 v

b. Mechanical Figure 4- 13 is a diagram of a mechanical steer chanism, ’f‘he 6perator
turns the steering wheel which is connelted to a worm in the steering assembly. ™he worr%‘

) rotates a gear connected to a shaft and pitman arm. As the .arm move er-attached linkage .
causes the spindles and wheels to turn right or left,. The steering kmickle arms are rigidly at- T

. tached to the spindles, . ' \ A C o
- . : . O * i
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Fig ﬁ Mechanical steering mechanism,

The vehicle ought to be easy tﬁtqe'r, and the"ef
be transmitted back to the steering wheel,

o

fects of rough terrain on the

__F_ig{nre 4-14 is one type of steering gear demigned
for easy steering. Balls serving as bearings between the worm and gear reduce friction. How-

-

‘wheels should not

ever, it still acts as a worm and gear and if a'foyce ig transmitted from the opposite ‘direction

the gear will rotate, forcing the worm to binde « Rk

steering wheel. -
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] . g. Power, The power stqer[,’ng_}system is gimilar tﬁhe mechanical syatem, except that hy- '
draulics are used to assist the operator and, on some v icles, hydraulic components replace .
parts of the mechanical system. A control valve is aftached to the steering gear agssembly so
* that movement of the worm gear in and out will move the coptrol valve plunger, TFor thosg )
* vehicles steered b'_y hydraulics only, the control valve plinger is controfled by the operator. A - .. .. ¢.
. double-acting cylinder is attached between fhe vehicle frame and the steering linkage. Movement
w of the control valve plunger allows the oll to act on the piston, forcing it in or out, which causes
‘ihe wheels to turn right or left, & o
Lo X5, 3‘EHICLE FRAMES : . \“-

¢ -

-

- -

. a.. General, - The wheels and frames of engineer equipment gerve th sarr;é purpose as the
~ - wheels and frames of automotive vehicles; however, the framework is of heavigr construction,
the suspension‘system is di[grent, and some of the wheels contain planetary systems.

B JN : ‘ . W & ‘..-

“ " 7 b. Wheeled vehicle, T ’ \ : - .

- <

(1) Comp%\ents and function. : - h
: - L
. & v
. i, - _ (a).Frafae. The frame suppor(s and keeps alined on the components of the power train
. , _ and yer\icle attachments. It is constructed 'mjmaterials that will-withstand twisting,
bending, and road shocks.~ It may be welded, boltéd, or riveted together and on some
>, . vehicles the case of the power train component is part of the frame.

: T , (b) Wheel and& le assemblies, The wheel and axle agsemblies are connected to the
) wehicle frate -and transmit the power flow to the ground, The dxle assembly may.be
connected sd that it can pivot and absorb shock when operating over rough terrain. o
Within the agle housing are gears arranged to increase or decréage.torque and speed,
and to chagfige direction of the power'ﬁlﬂ_w. Most agsemblies contain a differential wign
gpider gears which-allow one.wheel to turn faster than-the other; unde¥ certain condi-
tions all the power is directed to one side. The spider gears will direct the power
flow to the side with the least resistance. Bolted to the end of the axle housing is the
i planetary ring gear spider; \The planet pihion cage drives the wheel. The axle is
splined to the differential sid\%ears and hag the pianetary Bsun gear attached to its
outer end. If the axle is steerable, it will have a universal joint. Thﬁri. 8 be- _' ‘4

» tween the wheel and the axle housing provide a pivot point tor frongto oting. ‘
The center of one axle housing is connected to the frame by a pin whicll ¥rovides a -
s point for the pivoting from-side to side, -~ L. & :
@ ' . - ) o
(c) Propeller shafts and universal joints. The propeller shaftsyand universal joints are
not a component of the vehicle frame or wheels, butgransmit the rofary motion from
one component to the gther along the framework. The universal joint allows the di-

rection of powenrdlow to be changed slightly. Some propeller shafts are supported by
bearings in th&driving compo%indt_ and in the driven comporient. Most propelier

shafts have a slip joint that is Nree to extend or contract the length of the.propeller
~ sh@ft when distance between the Xriving and the driven component is changed due to
.operation orexggrain. The slip joint is usually a loose-fitting internal and edternal . » .

)

' ‘ < spline, : _ : v . - =

LI c. Tracked vehicle, . - °. - . L
! (1) Genemal; "The trdck frame assemhly of crawler-type engineer equipment aupp.or:ﬁ the
* maching and, its attachments and provides a type*df platform (tracks) for the maghin _ %
) . to travel across, Marine Cogps trackgg vehicles are equipped with either a rig§l ¢ or _ '
.o . ™ g gemfrigid-type track frame assembly® - _ . L
’ AR - N o . . s - : of L

SO (2) Rigid-type track frames. These frames do not pivot in any djrgction. They prov{d‘é. _

' " ‘stability for the vehicles when operating en level terrain, but a slight rise in thesterrain - .
<" will cause the vehicle to réck. .’ O Y e //" L




*

.' - : t . S . N ) » . | )

(3) Semligld track frames, ’l’hese frames are attached to the vehicle in a manner that *
. will allow the assemblies to pivo p and down, One end of the assembly is bearing- ]
. mounted to a ghaft on the vehicle ame, and the other end is supported by.a heavy spring
of other shock absorbing aasembiy mounted betyween the track frame and the Yehicle
frame. . Thisa sygtem will allow one track to travel over a hump while the oth®¥ track

N ' remeging on level ground, The oscillation of the track ‘assemblies absorbs some of the
‘ jolts when aperating over rougi\ terrain, . . . .
f .
(4) Components and function of track frames.’ . -

Al L}

®(a) Track assembly The track assembly is composed of atrack chain and track pads or
shoes, It is a movable platfortn Tor the vehicle to travel across. The track chain : .
is linked together and forms a continuous path that is laid out in front of ‘the track o -
. frame assembly, picked up after the vehicle has moved across, and pulled across the -t '
: - top of the track frame assembly to be placed again’ The track pads or shoes are
- bolted to the track cbal" . _ '

(b) Drive gprocket, A drive sprocket or tumbler receijves the power from the power train . ]
and propels the vehicle along the track. The drive sprocket is usually installed at - ’

the track frame pivot point mounted on bealings on a ghaft attached to the vehicle

frame, Marine Corps crawlbr crane-shovels use a drive chain to transmit power from _

the propelling shaft to the drive tumbler which is-bearing- mounted on a shaft in the . .

track frame aspembly . _ . S o

P
. B ]
, » X . . . .

(c) Track rollers and track idlers. Track rollers and %:K:k idlers are mounted on'bear- ) _ .
1

ings on shafts attached to the track frame, The tragk rollers are mounted on the bot- -
tom of the track frame. They keep the track.assembly ur{?r the track frame and sup- LT
port the weight of the vehicle. Flanges on the rollers fit the track chainsand move it - :
from side to'side., The track idlers modnted on top of the track frame support the

t ! weight of the track as it is pulled across the top. Some types of ¢rawler gquipment
- have special rollers such as single and double flange which dre to be installed at a ‘
specific point on the‘track frame, Study the Tl%before replacing track rollexd. "

(d) Eront idler. The front idler, which is-mounted on bea'rings maintains track tension
Ityis designed to slide glong the tracky’ frame agsembly. - An adjysting bolt or hydraulic

ctors, the adjusting bolt is attached‘o' a,shock absorbing mecha
shodk on the front idler when oper\ating over rough terrain.

(5) Maintenance Tt should be noted that the adjustments listed in thé s g,cifichM's are to " ‘
be used as a guide.” When you operate in loose soil,-such as sand, & track chaing C,
. 8hould be loosened to prevent 80il from bujlding up_in the tracks awd causing themqto ' ,
bind.\ Wheh 3 you operate in hard soil such as rogk, the track chains-should e tightened . . .o
to prevent them from coming off. Jolting. and turning will causg the Flanged rollers to
jump the track chain and run off the_ track, Keep the track chains adjusted 80 that they ‘., .
Will operate freely withows being sloppy. o <y -3 ., e
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"I MOS DESCRIPTIQN .
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APPENDIX [
- . . .
- MOS 1341 (W) . .

, ) ENGINEER EQUIBMENT MECHANIC (EngrEquipMech)

/

4

o & < SSgt thx."u..l:’trt.r | -

L
Summary: Inspects, services, maintains and repairs cnglneerW)mmit.
w \ 4
JDuties-and Tasks: Performs preventive maintenance and makes repairs (o diesel éann-::; -
and gasoline and diesel driven-construction equipment such as tractors; power shovels, roag:
machinery, air compressors; saw mills, concrete mixerd, andﬂer engWie driven constiuction ™

equipment. Diagnoscs malfunctions of engineer equipment by v 1 inspection, operational test T -
or by the use of precision instruments. .-Disassembles, repairs ¥atdjusts, cleans and installs new
or rcbuilt compdnents, asgdemblies, parts, and reassembles to specified tojJerange, using stand-
ard or special l‘epai{\ools and equipment, Tegts in accordance with recognized procedures. \
Compiles data for r:ep%rts. Processes or prepares diesel engines alld construction equipment o
for storage; decp water fording, landing operationwor shipment. Camouflages, protects and .
decontaminates engineer equipment, Enfonces safety regulations and production standards. ' <.
\ . , . k > . L V9
Il SPECIAL REQUIREMENTS a . o =
2 i :
1. Must be able to manually Uit fuel and lubricant containers weighing 40 pounds. . . -
2. Must be able to endure long hours of equipment operation under all weather ahd ex{reme

+ ©  dust conditions. . - . ‘ e . .

' = - A . e T ‘
MOS REQUIREMENTS - ‘ - - S : o,

“t' . - h
A,

BASIC QUALIFICATIONS » 7 ' : i
'SSgt thru Pyt ' . o ' -
. e’ A )
1. "Be able to.start, operate and service all.enginegr equipment, ¢ Lo L
2.Be able to perform preventive maintenance and mgake repai,to engineer equipmoent at
the level appropriate to grade. " : &
3. Be able {o perform complete scope of organizatignal maintenance on engine generator .
cts. » Y ' o ' "
4. Know safety precautions to be observed on and around engineer equipment and in shop . .
areas. - _ S . . : ,
9. Be able to understand and use technical manuals and other publi.cations-i;sued for the . o
operations and maintenance of engineer equipment, )
¢ able to assist in the performance of comm

/]

appropriate to grade.

8.

pair of engindar equipmeny.

’f/

-

L] .
snaintain reco

-

d and technical inspecfons at the level

]

esflecegsary to effect repairs to both

.

a

R )

A

7. Be able to waterproof equipment for deep wgfer fording and‘landing operations. ;
Know general nomenclature and princt
engines and engineer equipment, ¥

9. Bc able to prepare an

diesel ©°

. . . r-{" 2 _‘ 'S s C -
andgreports ge‘rtainihg to mqi%enance'gd re, -

hY

10,

Know types and desigr

'iior{s of fuel

ment.” . .

N
-
b N
«
[
.
x
.
2
1]

~ SSgt tWRu Cpl. L I _ S | -
[ 8 ) . . ¢ ) L ' . I - o

. 11, Be able to use and care for precigion i’fxg‘txﬁm\enis and measuring devices. * ~ . . t

12, Bé able to prepare gasoling dandMiégel erigifen-and constmcti_on(e‘_guipm‘%nt,‘fox:-_stox-agé '
or shipment. ' Looow S S o e L ¥ ;e
13. *Be able to operate power tools, :'such;‘gs,ttrills_, grinders and valye facing Tchin& used > b o e owd Ty

Lasy,

- ~

in engineer equipment repair. . ) BT . Y . R
14. Know methods of protectihg and decontaminating engineer equipment, . .- o
. ., T o “ ( . 'ﬁ .

. . - ¢ -
. 2 t -

-l * S
R

i ~
l..‘
\(._nh i -

’ ENE » o . . v N
- . - . - . M - . '
' ) . % Ll Y, LTS N :" ¢ 3 v A - v “a : t."
A . N : - PRI . ; . -
. . Lo .
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* d . a4 ~ - .
a - ™~ \ [
SSgt and Sgt ] . . ) : L7 e S :
) . - '\ B | "
‘ - [5. Be able to diagnose mnlfuncllons and to overhaul dicgel engines and engineer consttuction
, N . cqulpmmnl A S .
e oo ‘ 16. .Be able to make xepans to pOWer tools and equipments ,
" ’ 17. .Be ahle to estabtgh and administer faciliheb !or maintenance and repwir of ¢ ngmcer
vqulpment ‘ : - o
18. Know regulntjons governing accountability and responslbillty for government propcrty ’
v - ¢ as pcrtains to engineer equipment.’ - -t
St c : ) ' o , : - T s L
¢ R Lo - e .
149, Be able to make an ar‘curnlo _estimate-of time and matorials required on complox repefr . / '
iObS-, ? T w ] . . ,

Be able to maintain nnlope'ratlng level of pnrtig and materials.

Yo.
. “ . . - . . . . : . '.\)' . " '

. . B. SKILL DESIGNATORS =~ - .« ' : \
NONE . . ‘.v. ‘ . - ' " R . ) g, . ‘

: ' v, T/O BILLET TITLES .~% =~ ", 2. : . e

1
“t + * ‘ -
L o ,° .  Enginéer Eduipment Mechanic i R e -
’ < . . . ' .o, - . « -
. -, Equipment Mechanic - « o , ;o Y . . . - .
. ] - . Shop Meéchanic - - o L v : ' .
~o RN Automptive Mechanic* . AT . : : ot b .. 0 N
- Engineer Equipment Mechanic Foreman - " : n" A
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. R B » 2 ﬂ) . .
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. APPENDIX U - ’ ’
. . .PREVENTIVE MAINTENANGE

11-1. MAINTENANCE SYSTEM

Ay

, - : a. Introduction, The Sl&éﬂﬂﬁﬂ accomplishment of engineer missions-in garrison, in the
S ’ " Tisld, and in combat depends to a great extent on the proper maintenance of assigned equip-
. ment. Maintenance can be described as the action taken to keep material in, or restore matc~
{rial to, a serviceable condition., It includes ingpection, testing, servicing, serviceability
classification, replacement, repair, rebullding, and retlamation ol equipment,
Every Marine and every unit has certain responsibilities for-the naintenance of indivi-
h dual and organizational equipment, The Marine Corpg maintenance system establishes a
malntendnce strycture which-is designed to asgjst both the Individual Marine and the varioug =~ -
units in the Mur‘z\e Corps in accomplighing their responsibilities in a timely and effective .
mannér, You, as fn engineer equipment mechanic, are g member of the mah_ﬂengnc'e team,
- consequently, - you Ehould know your responsibilities nm!dhelr relation to the-ov¥Fall system, i B
. ' b. Categories:and échelons of malntepance, The Marine Corps maintengnce system is
N " - . organized intothree categories of malntenance: organizational, intermediate, and depot,
which are further broken dqwn intp five ochglons as shown in figure II-1 below.

.
~ . .
- ; A
- . — - g e —

. | CATEGORY ECHELON UNIT 'PERSONNEL | ~ JRESPONSIBILTIES" S

. .
t ° S5 &
- ¢ ~

ORGANIZ ATIONAL 18t INDIVIDUAIL, | OPERATOR INSPECTION,
- . | unms LUBRICATION, A
N . _ ) . . v ’ JUSTMENT; OPERA-
. : . ) “TION :
. _ P i
~ . <7 7 j P‘ B - -
_ 2nd DSG UNTTS MECHANIC REPAIR OR REPLACE
i , SER, CO, . ‘ PARTS, MINOR AS-
. . a H&SBN ". | SEMBLIES; INSPECTION,
) ‘ ) , +  DSG SCHEDYLED PM's, ’ -,
- 4 ) . MAJOR ADJUSTMENTS. -

»

PO T

. J R e |
. . MWS ITS | v , ‘ ) g
: . Ak : . ¢ o

FS5G UNITS | MECHANIC
AL: : -
BATTALIONS ' . ¢ g -

L%y

INTERMEDIATE 3d . FSSG : . .| ®REPAIR OR REPLACE "~
- . 4th’ # MAINT BN MECHANIC PARTS, SUBASSEMBLIES| "
: : : OR MAJOR ASSEMBLIES.|" - =~

-l

A d !

. 5th MARINE . OVERHBAUL AND RE- AP
- ) : : . CORPS LOG- | MECHANIC UILD, RETURN T e
. ; | ) » -~ ISTIC SUP- o rock. : :
. o . PORT BASE, . . ’ : s *

. . .
v -

i~
=
"]
3

we

’ Fig N-1. Maintenance system, ' %

~

) :,9« c. ctors affecting maintenance echelgng, Fhe echelon of maintenance at which a parti-.
S cular repNr or replacement i8 &oing to be performed depengds on & number of factors. Thege ° .
\ ‘ include the Yombat 'srtual‘on, the nature of the repair, the time avallable, the number and ;
T A gkills of: the @yajlablé mechanjcs, and the avallal{illity 3f tools, test equipment, and repair . :
T o +  parts. Repair s performed by the lowest echelon of maintenance which is caé_ahle of per-
' “\] forming it, Higher echel { mhlnt‘enance'p_erform' the category of maintenance _which 1s .
» - assigne &r units,” They also perform, within their capabilities, the overflow maifitenance
. . of the supported ysing units, The lqiveer‘echelons of maintenance should not attgmpt to perflérm ) "
" epairs which are assigned to a higher echelon. , This generally leads to cannibalization of
w , ~equdipment and usually causes thc lower echeloy td negglect the work that is their primary re-
. sponsibility. ;The effectiveness of the mgjntenagcé system depbndas on how well the men At the LA
o ’ . . varioys on8\know and perfdrm their own responsibilities: ‘Fhe m;\kdow_rrl of. {ndividual . ‘
. . .-

N A . ) r ‘ "‘ . - e - - ) .
P N T U PR

. - - 2T LN . - N N . . . PR
_ Cow Yoo ) e N

’ oL,

o - -
. g"' S

. - “ ] .«_".-_.




t
! respongibilities within the éyatem provides"Mlanced workl‘ad, and there is generzﬂ'ly
" more than enough work at all levels to keep everyone busy.

-

' 4
[ (1) 0O rganizational maintenance. This level of maintenance i)s the responslbmty of, and is °
t‘ performed by, the using unft. Its responsibilities include cortect operating, inspecting,
8 icing, lubricating, adjusting, and .neplacing of parts, minor.assemblies, and sub-
(s):eymblies. Org(gmizutionnl 'mniptenar'lce is the,;foundation upon which the r?mainder of
b _ _ the system rests, Tf using unit maintenance is theffective, equipment availability will be
. low and it will place a heavy demand on the maintenance capability of higher ethelons.

- ¢

Organizational maintenance is broken down into two echelons: 1st, performed by the 3

operator; and 2d, performed by the unit mechanics.
. ) ' . . - o,
(a) First echelon. First echelon maintenance is performed by the usé&, wearer, Or oper-
. & ator, It congjsts px‘imax;ily of correct operati(%, servicing, - inspecting, lubricating,
- : and p&rfor‘miﬁg minor adjustments. Just as organizational maintenance is the founda-
.tio?\of the whole maintenance sysiem, g0 1st echelon or operator gservices are the
‘foundation of good organizational maintenance. The.,equipment operator and the ser-
vices he performs are two of the most important factors in the success of the mainte-
"nance system. \ _ : ’ ' '
(b) Second echelon. Second echelon’is performed by specially trained personnel in the
using organization, the unit mechanics. Tt con#sts primarily of inspecting, perforrﬁ-
ing‘ major scheduled lubrication services, making major adjustments, and neplacing
parts angyminor agsemblies. Depending on the organization, 2d ‘echelon maintenance
~ sgervice ay be performed either at company level or in centrakized battalion mginte-
. nance shops. While the mechanic is ' responsible for parts replacements, both the
s . . operator-and mechanic will generally combine their efforts in performing scheduled
" preventive maintenance services-and making adjustments. '
~ ) S ¢ . : .
. ) - (2) Intermediate maintenance. This level of maintenance is authorized and performed by

a designated maintenance activity in direct support of the using grganization, or by
higher echelon maintenance units supporting the direct-support majintenance activity.
) " It is normally limited to the replacement and repair of parts, subassemblies,, and major
\~

_-assemblies. When necessary, intermediate maintenance units support lower echelons by pro-
viding technical assistance, mobile repdir crews, and repair parts. Intermediate “
maintenance consistg of 3d and afth ec'{\élons of maintenance.

[ 3 -

Y Y (a) Third echelon. Third echelon maintenance is perforimed in direct support of.the using
> . units by the‘FSSG-. " Third echelon maintenance shops have the necessary special tools,
. machine.shops, mechanics, &nd repair parts to perform mniore specialized maintenance
than the using units, Since many organizations in a Marine division contain varying
. amounts of similar enginegr equipment (for example, the Case MC 1160 Scooploader
T , found in DSG, engineer, aii’d artillery units), 3d echelon maintenance capabilities
. wha\'re been cemtralized in the engineer maintenance company, FSSG. This reduces
. g4 the number of mechanics, spare parts, and gpecial tools required; prevents #uplicatior
- ) of effort; and resultsiin savings of manpowe d equipment, . .

, . ' . ! R ) y
. . :
' > (k) Foulth echelon, Fourth echelon mainténance is.also pérforméd by FSSG in support
. of the DSG, The FSSG has more elaborate shop facilities and more mechanics, and
. is limited only by the tools, test equipment, and repair paglg authorized, Fourth
echelon majintenance is the highest level of intermediate ma nt.enance,ﬁ and any equip-
ment requiring more specialized repair or complete rebuild is forwarded to the lant

¥

/ ' , category of maintenance, depot, * . . -
A . )

a
*

- '(3) I')e@t' maintenance, This leyel of maintenance consists of a single echelon bf maintenarice,
o LN "« - 5th. It hormally supports tlie supply function by rebuilding and returning to stock, parts,

subddsemblies, assemblies,” or the whole item of equipment on a scheduled: basis. Fifth
ectﬁtlon mdintenance is generally performed*at the two Marine Corps Jogistic support bases
a2

* {ocated at Albany, Georgia and Barstow, ,,Californi'a or by. civilian contg‘actoré. Specifié.
-~ . - authorization may be granted for deployed organizations to perform limited %h echelon
repairs. 4 - _ e - .o, S e
. .o g -2 ) -
- - '
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,d. W In ordento better understand the maintenance system, let us see how it
' would n in a specific case which required 4th echelon maintenance. Let's'say that

you Are an e‘]uipment operator in "A'" Company, ‘Combat Engineer Battalion, DSG.>.Upon

" inspecting your tractor, you find a large puddle of oil beneath it, You would inficate your ~
, - findings on your trip ticket (NAVYMC 10523) and thén report it to your section leader for & - ;
_3 # determination aa to whether the equipment should be operated, N the section leader decides :
: that the equipment should not be operated, you would now cloge qut your,trip»ﬁdket and turn < -

the tractor back in to the dispatcher, The dispatcher will then inform-the’equipment chief
of the discrepancy., The equipment chief has the tracker checked out and determines that a
defective rear eéngine seal is causing the leak, At this time an Equipment Repair Order ¢
(NAVMC 10245) 18 made up, All 1st echelon (operators) maintehance 18 performed and the
. . record jacket (DD 686d) and the ERO are forwavded wifh the tractor to the 2d echelon shop
- o o (Service Company, Headquarters and Service Bn., DSG. The 2d echelon shop chief determines P
- ' - _ that 'the replacement of the seal is beyond his shop's authorized capabilities. The tractor is . )

% . . now forwarded with a new ERO to intermediate maintenance unit, (Engineer Maintenance -
i : - Gompany, Maintenance Battalion, FSSG). At this point the eal will be replaced and the

’ - tractor will be returned down the malntenance chain to your unit.

‘ s av

, ) secTION] [psP|. fEQurp] [SER..c$.|* |ENGR MAINTENANCE S
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M . . .
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Fig 11-2. Equipment repair flow, : ~ v .

. - 11-2.", MAINTENANCE INTER&__ ' B _ RO A
a. General. Preventive maintenance ia performed by the operator and the mechanic. In o ay
this secnon any referegge to the operator means the indiviqual actually using the vehicle,
This includes the mechanic who will eperate aﬂece of equipment from time to ‘me while .
diagnosingjor t?ting it. The most lmportant ‘Bhase of engineer-squipment maintenance is the _ . Y £
performance of preventive and scheduled maintenance. An effective maintenance program will '
do more to rnake the operator's and mechanic's.job gasier and keep the number of deadlined
(out of service) items to a minimum than all the re;lr unité combined, Preventive thainte~¢ »w
= . nance consists of such items as inspecting, lubricidting, tightening, and,correcting any pos-
. sible failures before they occur, It is the services performed by operational and maintenance ‘e
personnel to keep the equipment in the best possible operaung condition, Most preventive . : .
maintenance is performed on an hourly or calendar tinie schedule. The- mainteme ichedules ' -
4 for engineer items of equipment are listed in the applicable TM for-each item w abould be
) used as a guide and checklist for performing any preventive maintenance, For e)nmple daily
\ . service is considered 8 to, 10 hours, - weekly seryice 40 to 50 hours, and quarterly service
250 hours, but some items require 25- and 100-hour maintenance. To allow for the differences _ .
in hours and to prevent interruption of work. preventive maintenance is performed at any con- - S
venient tiy_within reagon. For example, 10-hour maintenance can be performed between the

«

8th and 13 hours of operation, Some maintenance should be performed at the time a problem
occurs, r example, you have your car tuned—up every 10, 000 milea hut you wouldn't walit

» nm-3 . : "

&
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. that long to ;-eplnce a fouled spark plug or broklen spark_plug legd._ .infyo{;r.dajly or wéelly ’ 0T ¢
~ services you would check your tires for wear and ajr pressure, but you would ngt await until ,

- ~ the scheduled day to replace a flat tire, The reward for the extra time required to jnspect, - .- -

- _ p check, ' and gervick an item of equipment is knowing that it and"its attachiments are ready when o o
' called for, and that there {8 a decrease in the number of hours required foF repairs.” © : o

b. Daily, These are the services indgeated by an A or D'on LI's. 2nd TM's, . listed as before=, " e
Qur;ng-,‘ and after-operation services on NAVMC 10523-SD, Engineer Equipment Operatiohal. - o
Retord, Daily maintenance {8 normally required between 8 and 12 hours of operatfon, bnt the = . R
before-, during-, and after-operation services are performed each timethe vehicle'is started
on a new job or whenever there is a changd of operators, During 24-hour-a-day operations, .’ . .
the -equipment will receive two daily lubrication s'qrvice's'and be checked before, during, and " L
after operation by ‘each change of operators or when the vehicle is restatted for a newsjob. LI
The equipment is usually available 20 hours per day for operation and 4 hours per day for . e
maintenance, The mechanic and, the operator isually have 2 hours after each shift to ser- R s
vice and prepare the equipment for the next 10-hour shift. _ Daily services are periodically : - T
performed oh stored, deadlined, and standby equipment. Daring normal .operafti‘ons,-l! hour's o LN
is considered one day of operation. As you gain experience in,the enginecr equipment mainte- .

. : nar.-;ce field, you will learn that the equipment hourmeter will only show a portion.of the time, "'
: . or example, the hourmeter for a Terex will sometimes show ohly 8 hours' operation when -
< > orking on a 10-hour jobj because part of the time the tractor was sitting @ an idle and the _
hourmeter was calibrated.to show full-throttle operations; it operates on thg rpm ?f the engine. ..

(1) The 10-hour lubrication and service is performed at the end of the day,or upon com-
pletion of the job if the hourmeter shows sufficient number of elapsed hours. The’ . .
services are recorded on NAVMC 10523-SD, Engineer Equipment Operational Record" L .

- .and NAVMC 10524, Consolidated Engineer Equipment Operation Log and Service, Ré- T .- * g
cord, In a combat zone; these services may be performed. by a.contact team at a W e
, . ¢ time designated by the CO., Ttems that require daily maintenance, but are not being RN
.o L used, are lubricated and serviced weekly, Use good mechanical judgment to prevent
overlubricating déadlined or stored equipment, * " .

. 4 ' . R ' -
~ ) ' (2) The before-operation services are performed prior to each starting. Many things cdan '
- : happen to a vehicle in a short period of time or some deficiency may have been over- _

i looked at the last servicé checky .In g dombat zone the item could possibly have been \
sabotaged, .The before-operation services also help prevent ac¢idents caused by P en

persons under or working on the equipment, -
) i o . . . \ N . , .
»

(3 Dur?’u-;operation,' the operator continually "checks his equipment for proper operation .

- " > dand unusual noises and odors. The operator corrvects the deficiencies within his ‘ ' .
echelon and capabilitiés and reports allidéficiencies whether cortected or not to the . .

. dispatcher and equipment chief, T < S o .

o ' ]

. g

-

! - . (4) The after-operation services are performed to prepare th“e' vehicle for future jobg. 4 -
- The item is'Inspected,” Berviced, and defects corrected so that the equipment can be

’ placed into service an short notice. During normal operations, the 8- or-10~hour
-7 gervices are performed at the same time as‘the after-operation services, - - % L -

~ - !

C. Weekly‘ . Tige TM for each item of equipment prescribes certain checks and preventive . B ‘
maintenance.services. Some TM'S 1ist 50~-hour' maintenance while the newer TM's list weekly -
. maintenance-as 25 or 40 hours or 5 work ddys, . During 24-hour-per.-day ogerations. the 40- . P
v . and 50~hour schedule will come due approxiately twice each week, Together, an operator .
. and a mechanic perform:the weekly mainteftance using the TM and L1 as & guide and checklist,
Maintenance is perforgged on thé basic machine and all attach_mqﬂts requiring weekly mainte- 7
nance that have been used with the basi¢ machine. Fé‘r_; example, if & _tractOr..used to tow-a ’ &
- ' gcraper is réceiving weekly maintenance, it-should ah:i,p be _perfoprme_d on the scraper. ' )

RS

[S

‘d, Quarterly. These are serviced performsd to provide for cleaning, inspecting, - tightening
adjusting, and lubricaiing the equipment to insure trquble-fnet o'pcfz“btion. Quarterly services
ar'y ‘performed at the time 8theduled in pertinent TM's or ottier Marine Corps publications, .
w&\'directed by the unit commandér, or as dictated by conditiona, - Time schedules listed in *
." the TM's are the minimum requirements for normal gperating conditions. When vehicles | ;

. . a . . - .
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- s N .. 2 -’
.. * operate jn adverse conditions such asMwater,- l__nud, or aa}l'q, and also after fording, the quarterly
' maintenance i8 performed more Irequently than prescribed in the TM. The unit mechanic, e
. assisted by the operator, will perform the. quarterly maintenance wjhen required, using per- o Lo
- . tinent TM!s, - 1.I's, and NAVMQ 10560 -SD, Work Sheet for Preventive Maintenance and Tech-~ . -

nical Inspection of Engineer Equipment, as a chiecklist. When' the equipment 18 lubricated,
. the water and abrasives.must be removed,”but parts such as clutches and brakes must be kept

_ ofl-free. - As dach itemson the checklist is completad it is recorded on'the NAVMQ 10560-5D. AN
. After the equipiment has been gerviced-and the Work Sheet for-Preveritive Maintenance and . ) t
) Techn{cal'lnspectimr of Engineer Edquipment completed, the preventive majntenance roster-is ) :
updated. If repairs are required, a Tactical Equipment Repair Order is initiated and the re- 8.
pairs’are made at the earliest date,” . v ‘ : . )
B ” - . [ - R . \ ‘.\u‘;
. » . | - |
. « . - - . " ’
. - y _ ’ .
_ -~ ) - . x ’ .
s ) N . . ‘ . N ‘: . . - .
. * - N Id . ~ -
) » ~ AR \ ) - ~ e [ " -
Iy an Yu . -~ .
'I -~ [
. . § . )
\ a N . ) " ) ~ : . n
ol R . o - W v v -~ . - " " 0 —
{ - ’ ” : - . ! ! . A b
' . ! ) \ . . Yo ) ¢ N . N
“‘ \ . ] v s ~ i B - N . L]

. -
» . - AN A,
L e . : N - .
N R - .o
s, o A i s [ ! ..
o ) - . . ; '3 - ; ) R
RN d o . - ; R
. ' - -
N e /‘ i - "
. [ - ) . :
. ' ] - ¢
e f k)
.
\ - s
(\ . -
» ~ - \ - X .
N Yy , / ; N
- " a
~ . .
N , e v,
" v 1 . - i %
- . * ’ s 3 -
.- - v
-
y
» °
-~ ” &
Y- o A .
N o, - ) . .
! -
- .
.
L] X . l
- ! 1@ .
, " N »
. o - [ . . k [N
) s -
. i « f - > E
‘ . . Vo e 1 4 .
2 - 1 , . LI )
. “ *
1
. ] ¥ - ) 13 ~
RN . . , . L4
' - . : ./ : R
1 P
v \ N N 1 v "
v ~ ' . d .
. n -
) ~ b \ - Y '
- - v
- f ¥ N
~ s
4 N ~ . ~ ."\" - -
L4 ’
' b » ~—y - . -
* 4 A N ' . 7 -
\ . . -
* 3] - C- ’ - !
. o <0 S ST e
» e . » N - 3 h ’,‘
. - 3 . - " . ’ - 1
. . . R - . ) -
.., .

< . "
. - - -
. , p
L 'y L4 . wl 8 @ - 4
. : S . O 0 .
; 8 - .2
: )
- > N . - - <
r a . - A ) \ A
- v . . ’ -
-~ '
. . ~ - . . * i \
7 . - B .
. . ' - 11-5 ‘96 . )
[ " _" P
o . - . - - : - . 7
- ’ ‘ . e . N - . -8 . - B
" A LAY O N .
Lo o ’ .
Q . N , S " . . ' ot
) . P . . . . . i N s -
EMC w * ' 3% o , 14 e . - 5 " ) .
. L : . - . - +
' ot ol Sl ’ }~-‘ ‘ : - - : . B
. . REE . A ) K . . v . -
. . N N - . ~ ~ . A - . -
¢ y . < ’ ) . by . : . D, - :
L~ . o L _.__-“ te kS Wt 9 Y \ * - [




n - A : *
{ * : - . -
ER t
APPENDIX(TI e L
v . . [ + LR .
SAFETY ' . . s>t
L l - ) »

IM-1. GENERAL ’ ' : - .
.. Unsafe practices-in the operation and maip[tenanqe}'pf consgtruction equipment take the

lives of many people’yéarly. Unsafe practices with equipment.of great weight and power ihcrease
the danger to you. . Given a tool or machine, and a distraction, you can hurt, cripple, or kill
yourself or others. This is comrhonly called pugaccident, Acéidentp are caused; they do NOT
just happen. Machines and tools will do only wit you cause them to do, A gradey will not run
over an embankment and turn over unless you drive it there. A wrench will not break or slip.and "
cauge you to cut yourself unless yau make it do’so, Brakes don't fail unless’you neglect the prop-
er maintenance. Machines don't fall unless you fail to bloek them properly.. Accidents will
happen because you neglected something or because yoq,;'lacked the knowledge to prevent them.

. Below are listed some of the general safety precautions_:that you should observe. -

.;, \
I1-2. OPERATIONAL SAFETY . I s kd
a. Study and comply with local safety regul'lations.. ' )
b. Study and comply with the safety reéu‘lhtions listed in the technical manual for a specific
item of equipment. ' s

v +

c. -Inspect the equipment for damage or loose material before starting fhe engine. Before
moving equipment, check for nearby personnel or gquipment that could be injured or damaged.

‘Keep a close watch for damage or malfunctions that may occur during eperation, ﬁ

- . . 4 : ) T - >
d, Keep the machine free of grease, tools, and other materials which may cause you to fall
or that could be throwrf'by the machine.

L] . ‘
5 \"\J e. Keep your hands and shoes free of grease and mud that may cause you to fall while poard—

.
S

ing or prevent proper operation of an item ¢f equipment.
. ,

f. Insure that all safety devices 8uch as warning lights, guards, fire extinguishers, brakes,

horn, and emergency shutoff devices are installed and functioning.

! g. Operate the equipment at safe speeds for the conditions and location,
h. Operate the e'duipment with only the required and authorized personnel aboard.
AN L .

i. Never board or allow another person to board a movinq vehicle. Before dismounting, stop
the equipment, lower all atfachments to the ground, set the brakes, place the transmission in
neutral, and engage the clutch, Note: Crane clutches are left' disengaged if engine i8 running.

\ . P ) - :

j. Study the terrain over which you-are operating, Beware of hidden'pits anyg cliffs that might
throw you off the equipment or give way andturn the machine over, Beware of flying debris
that might hit you or damage the equipment. - A

k/) Use the e:quipment to do the job for which it was de'siglned.

1. Use a signalman when working in a dangerous area or when vision is restricted.
: R ) )

m. Stop the machine before attemp.ting to clean, service, or repaix_' it.
n. Never swing a load or attachment over other personnel,

o. Us# caution when wdrkir}g around or traveling over or under electric power or com.muni'ca—
tion lines. Don't swing an attachment closer than 10 ft to a powerline., Use dunnage to protect
lines that are traveled ovel, and do not damage underground cables.

3
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p. Park and secure equipment on level ground and block it if it couldpossibly roll.
* . .

- - R a

-

N ) q. Do not overload the equipment, attachments, slings, or tow cables, ’ N ’
i ’ e - - ’\ . >
s JiI-3. SHOP SAFETY : ; T ,
- ~ . : . not .
: Most aocxdents i the, shhqp are. caused by fires, falls, falling objects, or.eleéctric shocks. .

Injuries can resylt from cloﬁm‘:g or parts of the body becomi'hg entangled in moving machinery,
acid or objects in the eyes, or cuts from sharp or flying objects. Strained muscles can result
‘hom lifting heavy objectsBZm;ox ‘rectly. .
‘ 4. Rofuel e‘quipment be‘ffire securing for/the day, but after the engine is stopped. Do NOT -
fill the gas ' ink of a hot engine. N .
) P
' . b. Service the oqulpment after operation but nof while the equipment is runnlng
. \

c. Make only the necessary adjustments with the engmv running; first make a prehminary
adjustment with the engine stopped Have some person stand by to stop the equipment in case of
v an emergency. _ -

.
~ ’

- To prevent falls and fires, keep the decks and.working spaces clean.

.
.

e. To prévent falls or falling objects, keep parts,” tools, and maintenance equipment in
. proper place. )

R Wcar protective clothing and equipment for the eyes, hands, and feet. Wear the uniform -,
properly to prevent lapse clothing being entangled in the machines. . '
g. Rup engines in Well-—ventilate_d ar‘eais; exhgu%t fumes can irritate the eyes or cause head- - - .

aches or they can even cause death if breathed too long or in high concentration,”

» - h, Keep all tools cleen and in proper condition for correct use.
> " ’

.1, Never work on equipment that is hanging or on.a jack. Place the ‘equiprhent on a suitable
) stand, bench, or cribbing, . . )
\ : : .
'j. Use only the specified and authorized cleaning solvents.
-k Be sura electric power tools are grounded, Do not operate them white standing in

water. , '
» . . ) .

-

1. Check hoisting equipment and attachments prior to each use.

’
. m. To prevbnt accidental gtarting, disconnect the battery ground strap; when" removing
R 4 - both cables, dlsconnect the battery ground terminal first. . e
It . . - :
nt Use an assistant when lifting heavy-objects. . ' ’ } D
. _ _ oo . C ~ - Lo
0. Never allow horgeplay on or around equipment,
. o 7 ' . '
. p. Smoke in authorized areas only, ) . _ _ -
IlI-4. GENERAL SAFE PRACTICES . °
-~ - ) ] . .
. ' . -
: 1 Understand the safe wa/y to perform any given task., Help new personnel to avoid unsafe
- . practices. Promptly report to the supervisor any instance where instructjon is required. -
. . - » ; .
. - . t -
i 2 , ! /7
) 4 ! .
i : ' - II-2 : .
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a. When gujding a vehicle onto a lube rack, do not stand in front of it. Beforg glarting to

lubricate a vehicle, make sure the ignition is off, the gearshift is in rreutral, brdke is set, and
the wheels are blocked. When servicing a vehicle, stand so tbat the wody is clear 4h cage’the . _ J/
vehicle starts to roll, Unless it is in a pit, work under equipment only when it is srgperly blocked.
Remove ¢Jothing without delay if it has been soaked in gasoline or ot Wash with 'Bpap and water
and pift oh clean clothing. Do not put gu’suline-soakqd rags in'[mayet's.' \; e ¢
) -y ) - . . . S ‘ .
% b. 4 Know the'means of calling the closest firefighting equipment. Give the alarjmn immediately

in cage of fire"and know how to usc available firef“; ting equipment! . Should a Hr(‘]"'stfl\rl in the

vicinity of a vehidle while a fuel nozzle is in the tgfk, LEAVE THE NOZZLE IN ‘BHE-TANK, stop

the pump, warn the occupants of the vehicle to gefout, then smother the flames \if'i_?li wet cloths

or, if available, jise a fire extinguisher. Sy
LY hE . K :__-“_ / ',' LY ¢
. : . O )
‘_¢. Report all injuries promptly so that proper first a‘i‘q or medical trentmc{ﬂtt&}m be given, ’
. Notify the safety officer of any observed unsafe condition: L f . N

e

d.  When using tools, inspect them and all similar equipment before useﬁ;,l}eblime splintered,

broken, rouéh, or loose tool handles. Keep cutting cdges sharp and use th(gf;io_ul onty for its de- ’
signed purpose. Lo
. e. Wear safe clothing. Do not wear thin-soled shoes or loose or ragged clothing, Keep coats
! buttoned and shqestrings tied, Do not wear oversized trousers, '
'y . - .

f. When:lifting and carrying heavy objects, provide enough men to :do'.t.he job. Keep the arms
and back as straight as possible, bend the knees and lift with the leg muscles, lifting with a smooth
even motion. When carrying, kcep the load close to the body.

R \ ¢ v EN

g. Wear ap_proved‘safe‘ty goggles or eyeshields when grinding, chipping, welding, cutting,

pouring, or handling hot metals or acids. "

LY

h. Do not talk to anyone vhile ope'rating machines. Pay attention to the job at hand,

' 1I-5. REPAIRWPS' . e _

P 1 a. Operating requirements, Effective general ventilation should be provided in bulldings
where gdsoline or diesel engines are running. -Exhaust gases are to be ventilated to the outside.
FEach power tool is to be, provided ‘with an individual, easily accessible control switch; Cracked
or chipped gringjng wheels are to be removed from service immediately. An abrasive wheel
dresser, with'a guard aver the cutters, is to be used when facing a wheel, .

b, Safe practices. .

(1} When using hand wrenches, observe the following rules: | d
{v-;, (a) Do not use'a.pipe or another wrench over the handle of a wrench to increase leverage.

I N

(b) Whert pulling on'the wrench, stay out of the line of movement. .
N ' -k

(c) Usé pipe wrenc.h,zzs on round objects only. Place the wrench so that the teeth in the ,
center of the jaws gwip the object. - ’ ! : =

(d) Repair or discard wrenches which are fradtured; which have broken handles, springs, )
or other parts; or which have jaws that are sprung, bent, have dull teeth, or are out L

of alinement. :

r ol . B
. (2) When working with portableelectrical tools, check insulation for breaks. ‘Be sure that .

the tool housing or framework is grounded. ,

(3) Weld fuel containers or tanks only after they have been drained, washed, steamed, or
otherwise cleaned and purged of all flammable gases and liquids. Be on guard against
flashes or explosions—ngasoline vapors, antifreeze solution vapors, or hydrogen vapors
from storage batteries. . . .

-3 ¥

| w o | E .99. o S
-‘::; A . - ) ko - - . . .._.

I4
.
-
o



~© . v - ] R
: ' .- B ) .
* *a o R
\ ’ ) b . ’ N / ) . )
- . ’ -
- N »
~ - N B LS Q. . ] \
N . (4) All loads must be blocked up before working under them. Never depeng on jacks or chain 3 o

hoists alone to support a load. Flace blocks under-a load as it is being raised.

- . . o / . ‘
\

' (5) D_O not keep gasaline in open containers. . -

- - L g
o (6) Use the safety grip (thumb and fingers on the same gide of the handle) when it is neces- . '
' sar‘y‘ to crank engines by hand. . . . . 4
(7) Permit no one to handle. the starting button or lever of a machine while mechanics are’
working on it, and do not tamper with the controls of-a machine on which someone else q
. is working. . . . S
. ! ! . : S
- (8) When using a grinding wheel, observe the ﬁ')un"ng rules: . M
. - AT ] ~ ;&‘
(a‘) Use goggles. Co ‘ - S -
(b) When starting a grinding wheel, stand tq one side of the wheel for a full minute after )
N turning it on, - X '
' o (c) Use the tool rest, and keep it close to the wheel. -
(d) Do not gfind on the side oftthe wheql. ,
(e) Do not crowd a grinding wheel. Cold wheels are particularly dangerous. Presasure \,

should be applied gradually and the wheel allowed to warm up.

»

e Personal protective clothing. The following protectivd cléthing .hould b'e worn, when

appropriate, during shop operations: . . ) , .
(1) Safety shoes : ' : , . L \ ’ \ .
J - \/\ (2) Appropriate goggles in any area where flying materials or harmful light rhy. might cayse : .
eye injury. , _ i . .
.(3) Coveralls and work gloves. - : . - ’ <L ‘ o

I11-6, SERVICE AREAS

a. General operating requirenrents. Keep premises cleap and free of tripping hazards, Pro-
vide proper storage for air and water hoses, tools, jacks, water cans, and all movable objects.
* Use Warning signs and barricades to protect personhel when construction, repair, or paint work

is in progress, . -
. P Og P . . ) 4 .
’ b. Hangling gasoline and diesel fuel
(1) Gage a storage tank before ﬂlling to determine the amount of fuel 1t will hold and to avoid -
the fire hazard from an overflow, -
« F] *
- v '3 - 4 N
(2), Remove empty oil and gusoline containers from the working areas . promptly as poa- ,

sible,

(3) Keep drums or other containers holding gasolige, diesel fuel, or other highly flammable
liquids outside the building. Flammauable matgrials should be stored no closer than 50 f¢,
* from buildings, equipment, or other facilitiés that may be damaged by f}re. Make
perjodic inspections for leakage from co ajners. If leaking containers cannot be made"
- sound-by tightening¥he bun or cap, trafisfer the fuel to a sound container. Drums are v
always stored on their sides to prevent the entry of water, : ;

- ' — - ’ - . :
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N g (4) Never transfervll(mmuble Nquids in the presence of _any flame or burning material, in-
= cluding cigarettes. ~ . .
o * -
. (8) Al equipment such as pumps, tanks, vehicles, or storage tanks when used in fugl .
"transfer operations, are to be electrostatically grounded, Bonding .connections must
- " be made before hose connection, and these bonds-are not removed until the hos
- ‘been disconnected, When gasoline is being poured from one container into another
‘ ; - maintainsmetabto metal contact to avoid possible static digcharges. -
¢ ’ ) ‘ ¥ . - - . “. - . ., Coe .
12T, BATTER‘Y SHOPS - . ) : v *
" S - ‘ * .
- v : a. Operating requirements. . e . ) v
F N . — . - . .
£ (1) Locate the battery shop in a separate area preferably in a cage-type enclosure ot

AN . W -

(2) Keep the temperature of the batte‘ry sh®p below 95° if possible

R ) 'Fquip t’he battery shop with an adequate ventilation system to remove the highly volatile .-
and ,(lamm‘ble h,ydrogen-gas - .. _ . .
« . * “ . . . A
g _M R&}tpermit smoking, open-type switches lights or flantes in the vicinity of the bat - i
‘teries on charge '
~ “ bd . -
VT (5) Provide running vter and approved first-aid materials to neutralize any acid spilled . y
{ on the ,body. 2 > . )
T b. Safe practites. ' : ' . . , )
Ky . ) . ’ I // ’ ¢ ) .
(1) Exercise care not to short-€ircuit battery terminala when using tools around batteries. .
(2) Avoid ‘étriking' metallic surfaces or causing spa_rks. - \ .
Y. . ’ ’ . = -~ | & . ‘.
. . . . i »
(3) Use-only tools with insulated handles when removing.or replacing batteries. " e
. A LY
(4) Do not make repairs to the buttery while tbe circuit is energized s ) A ,
\ . (5). Make certa‘lr&%at the charging current is off before batteries are connected to, or dis- o ot
A ‘ L cbsmected from, the charging line, ) 4 . .
Y - . . . R . . -
e ';'_(6) Use pr-emixed electrolyte if available. However if mixing is rsquired NEVER POUR" ‘ _
. *r’;?{‘-‘ - WATER'INTO ACID. i‘The acid _must be Poured slpwly into the Water, using a.glass or 3
SR eamhen containe . :
- /M? - % : v - ° Coa
- IR () Guard ihe eyes and the skin from splashing acid. e L . . - 3
. % {B) Never store sulfyric acid-in locations where freezing temperatures are possible.
- . . - a ‘-‘ ’ ) LY : . Y R
i Personal protective equipment. The following protective equipment is necessary for bat-
. tery ghop operations:. Rubber gloves, rubbger aprons, protective shoes or boots, and approved
. . .. goggles, These are io be worn to protect the e_yes and ‘the body'. when mixing electrolyte and :
- _\‘,,:;- . filling batteries. _ . S .
-( A N . A . .
I18:" COMERESSED-AIR FQUIPMENT 2 ‘ . . s
. : s . . v - ’ .
ro. T a. __(_)perating requirenients. ) : ‘ _ ® ' [
. ’ ' T \ R t ) ,
’ (1) Complete efdclosure of compressor ig desirable, Guards are to be installed on all belts, X Ty
d pulleys flywheels, and other moving parts. g
R} .
.. * (2) Open air-'tank drainpipe valves and drafn the tank at regular intervals. lnspect automatic\
. traps regularly. . . o .
) . . . . R ) ‘ ' | : y
. - ) .. - I11-5 i . . _
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~ , ErIe vy R " "‘.
N ) - N "7 v ’ - ’ ‘
- + - . t. N A '
- ‘(3) o‘I‘est all 'a_prlgng pop safety valves at regular intervals, and provide inspection of re- . o
. “ceivers at least once a ytar by a qualified inspector. ..

(4) "Clear cylinders, valves, discharge pipes, and receivers at regular intervals.

- \ (5) Inspect ull air lines, bpth pipe and hose, at regular int&rvals, ° S
] i . . ' : - ’
b, Safe practices: . S . Lo -
2 e . - I P . S . * a - ’

(1) Do not operate’the air recelver at a pressure higher than the maximum allpwable work- _
ing pressure, except when the safety vdlve or valves are blowing. At such a time, the ) v
v _ maximum allowable working pressure. should not be exc.eeded by 8%. _ S .
' (2)" Do not apply too much oil to air com.pressbrs_. Excessive oil increases the danger of | ) ,

- an explosion. i .. $-

\ (3) Never wehr gloves when ope_raﬁpg a portable air drill or reamer.
{(4) Never poiftt a pneumatic machine at any;one and do not stand in front of guch machines
. even though they ate equipped.with tqpl holders. ' .

[
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< N . -The Mechanic and His Toots LT ‘
Lesson 1 \ . .
. L - ‘\ . ."P - .
* . . . :¢l'ools ang Equipment- . T N E . -
STUDY ASSIGNMENT: ~Informstion for MCI Students. <o A -
, - Course Introduction - . . T e e
. ABC’s of Hand Toels, pp 1-38 O
MCT 13, 29, Basic, Engin"eer_Equipmen(..Mﬁchanlg:, chap 1,
. 7 Y ; O < - ,
Al ~ - . ) .
- LESSON OBJECTIVE: Upbn successful 'complet'{on of this lesson, -“you yiill be g%;to identiﬁ‘y
- pro_ceduneq necegsary for care ajid use of hahdtools, pow “tools, and .=
. . precision measuring instruments, ; h .
~ . . . N\
WRITTEN ASSIGNMENT: R ~ . ' L.
. ’ * ) i - ¥ .
A.* Multiple Choice: Select'the ONE answer which BEST completes the statement or answers . ]
] the question. After the corresponding number on the answer sheet, blacken the appropriate .
. box. . : ’
~ . .
Value: 1 point each
1. \What s_liould th’e mechanic remember when using the screwdriver?
a. Use long-handle screwdrivers only. . L _
b. The width of tip should equal the length of the screw slot. ’
o c. The width of tip should be slightly less than the length of the screw slot, . . s
. d. The ferrule length should equal the length of the ,screw slot. - '
2. How are ball peen hammers classified? - , : ' ‘ .
a. By length of hahdle and head weight ' -
' + b, By head weight ’ o . e .
' c. By size of face and ball peen ,
/ d. By the material they are 'made of
B 3. Which pliers are BEST used to remove cotter pins when the proper tool is not available ? < J
a, Combination B c. Snap ring . ¥
*, b, Side-cutting long-nose . d. Diagonal-cutting
4. Which illustration shows the proper use of a wrench? (A= a on t'hew apswer sheet, Bsb, etc.)
: &
Ea ' .
- . v
A <
~
R ’ .
~ 7
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« 5. Toloosen a very tight bolt, which wrench would be most suitable ?

a. Hinged handle w/socket. , L. "Speéd handle w/socket
/ b. Ratchet w/socket . d, Crescent wrench
! . . . .
@ What determines the size of a chisel? : - ") : SR
a. Width of the handle c: Width of the cutting edge
b. Length of the blade -~ ~*d. Diameter of the chisel °
7. Which {llustrated punch {4 used to ‘start a pin from a hole? o .
’ ——) = :
. a _ b
) : N [ ]
.. e, .
! ) W
" ; L - % /
. ] d . \ejl -

$5.  What is the proper tool to clean a flat file with?

.

- : a. Scraper . ; c. File card
b. Knife -- d. Scrub brush

Kl

9, “{ou aré cutting mild steel with a hacksaw, For the most eff!cient cutting, how many strokes

per minute should you make? -
a. 60-70 A c. 40-50 | « )
b. 50-60 A . d. 20-30 :
. s .
10. If the feeler gage blade i8 marked 2, this would indicate its size as in, thick,
) X a, .2 i c. .002 o
b, .02 : d. .0002 : i

’

11, Whichri]llustrated con- . \
tainer would be the
- proper one to use to
¢ fill an engine crank-
_ case requiring only
- 1 gallon?

. -

” (A= a on the answer sheet, B=b, ete.)

™

.
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12, For removal of drain plugs when the regular drain plug wrench is not available, the large

can-be used.: -
- a. screwdriver -¢c.» Allen wrench ’ B
b. chisel d, driftpin . . P
. ' : : o '
13. When the special injector puller tool is not available, which tool can be substituted ?
.a. Cold chisel c. Yoke puller
b. Roll head pry bar d. Bearing cup pulling attachment
14. A presgure of 77 lb is required to 1ift 3, 300 1b on the model T-20 Griphoist. . The c;apacity
of the hoist can’be increased to 6 tons with the aid of a ’
. ¢ .
a. longer leverage handle c. block and tackle and a 4-part line. ’
s . b. block and tackle and a 2-part line d. block and tackle and a 6-part line,
] ) ' i o
15, The porta-power press has a cadpacity of approximately tons.
\ - -
a, 5 4 , C. 15
b, 10 . d, 25 . .
16, The 1/2=~in. drill should not be qsed to drill holes larger than
' a. 1/41in, c. 3/4in, "
b. 1/2in, d, 1in, : : . o
17. You should keep both the drill and the metal being drilled dry when drilling which metal ? )
a. Steel - ’ c. Copper -
- b. Iron ] d. Brass o o
‘ 18, Before installing an abragive stone, you should match the stone with the grinder’s e
a.. shank size. b. rpm. ) c. diamond-point dresser. ! ) : [
19. Abrasive stones for the grinder should be replaced when they have wornto  of tHeir . . ‘j
original diameter, ' ° . "“ . s .
S - ., .
a. 1/4 : SRS c. 2/3 , 3 \
b, 1/2 d. 3/4 _ ‘
20, What would cause the impact wrench to slow down and have erratic impacﬁng? ’ . A
‘%'a. Pneumatic hose too long ¢. Direction selector turned off
“b. Lack of lubrication d. Pneumatic hose too short
21. Which type of mechanism listed below drives the working attachment of a pneumatic tool? .
a.. Rotary percussion - - c. Armature »
b. Reciprocating percuSsion d. Internal combustion
¢
22, Which wrench would be used to lessen the chance of breaking a nut and pulling or stretching
its threads? _ s
' a. Crescent wrench ' e, Open-end wrench :
b. Torque wrench d., Vise grips ) _ ~
. [ !
‘&,
. 1Y .
( ‘ \ :
‘§ 13.29 © R .
lsn1;p, 3 °
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24,

25,

' >
L]
S “ . ' .
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¢ [ ‘Total Points: 25 ‘
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L - B 107 .

\ ) : ‘
’To obtain an accurate reading with the torque wrench, it should be pulled with
' . ’
a, one hand on the handle and the other on the shaft. 7 . /
b. only the handle grip being used, . . T v

c. one hand on the handle and the othér on the item being torqued,
d. both hands on the handle grip. ’

§

. R r e {0

The héad .of a valve 1s checked for roundness with a - R J
- . S T
a, dial indicator, ’ - ¢g caliper micrometer (insid?)-. :
b, caliper micrometer (outside), d,, dwell-tach,
. ~
Which is a true statement toncerning the use of a micrometerg 3 1
. A . -
a. The mechanic is authorized to calibrate the micrometer, ‘o
b. To obtain an accurate measurement, the micrometer must be tightened against the part
being meagured with a wrench. .

c. The micrometer is adjusted by hand until contact is made. S
d. The mgcroﬂ_‘leter is kept with the other tools in the mechanic’s toolkit, N

» . . .
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N Engines

.

:

STUDY ASSIGNMEN’I MCI 3. 29e Basic Ergiﬁe{:r Equipment Mechamc chap 2
\

LESSON OBJFCTIVE Upon succesgsful copnple\t‘r()n of this lesson you will be uble to identify
engines characteristics and the principles of operation of gasoline and .

‘diesel engines. . .
WRITTEN ASSIGNMEN'I‘: - “
A, ultlple Choice: Select the ONE answer which BEST completes the statement a‘\answexs :’
" the question, After the corresponding number on the answer sheet blacken the appropriate
o . i . - . -
Value: I point each ' ' - - T I

¢ - - ‘~

N Q : R . R . . L
1, . An engine i8 a machine that converts into meo?m;\ipzﬂ“ energy. - . -
. ' B SR . .-

a. heat energy - ‘ ) c. .steam heat :* ,
b, electrical energy - ) ° d. oxygen andnfuel mthux‘e‘, o

¥ A ’ t . ~
2. - Which is an internal-combustior engine?
. . {

a, Steam engine . c.
. b. Starter ' d.

Air compressor '
Gasoline engine

-

3. What is the stroke of a piston?

- -

a s

a, Size of the piston and the distance it travels Y
. . b. Movement of the piston from one end of cylinder to the other . q:
’ c. Movement of the piston to complete a cycle ' . . T, ¢ ‘v»
, d. One revolution of the crankshaft . . ‘ . ,
e i & S
4, What is required to complete the cycle of operational events of an internal-combustion ’ - -
engine? -

- . . -«

a. Two down strokes of a piston ,
b. Two up strokes of a piston . ' *
c. Intake of air and fuel, compression, ignition, and exhaust . . )

d. Movement of piston intake of air and fuel, and exhaust ' : ' '

5. An engine classified according to apglication would be either/

a. automotive, industrial, or marige, - d ' _ "\

b. internal combustion, automotivf, or self-propelled vehicle. N ;

c: external combustion, two-strokle cycle, or automotive. o

d. internal combustion, automotive, or industrial. «.°' - .

6. What are the major stationary parts of art engine? ' ' ¢

a, Valves, cylinder head, and exhaust system ) . : X . e

b. Engine fra‘;ne, cylinder head, - and cylinders P ) ! '

‘c, Pistons, ctankshaft, and connecting rods :

d. Engine frame, crankshaft, and oil pan ’ .
. - e . ° Nt . : e

1sn 2;°p. 1 -
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N < - . ’ ) : R ot '
" . % Which statement is INCORRECT?. _ ., . «. . LT,
\ - 4. Cylinder liﬁera are cast and machined as part of the cylﬁ)dcr block, _ . \
. > b, Cylinder liners are cast, machined,/'a’nd' ingta in the cylinder block, _ o ¥
: o c.'ﬁ;yllndép liners are in dfrect contact with coo air,
) d. Cylinder liners are in direct contact with liquid, coolant. . : ) D
8. The prir.nary purpo'se of the cylinder head is to
- - 'ﬁ' ' a, support the valves .- ) - . _ . - £ ) N
. - b. provide water and oil passages. , L . :
AT c. provide intake and exhaust passages. ; ) .
. ) d. seal one end of the cylinder bore. ' v . ' : )
! s 9. .What engine partd ch\ange reciprocating {notion to rotary motion?- R
L. oo - < « ’ -
. , a. Piston and connecting rod c. Crankshaft and flywheel ' . .oy A
. . b. ,Cor‘mecting rod and crankshaft (. Camshaft and pushrods . T
10. The crankshhft is supported by ‘the engine frame at » oLt
} - a. the majn bearing jo\irna.ls. _ c.” the crankarm journal, - . . ’
- b. each end of the crankshaft. d. the flywheel. ’ . .
3 11, What is the functiow of the flywheel? ' : 3 -
a. Turns the crankshaft during the idle strokes of the pistonr
‘ . b. Convert rotary motion to reciprocating motion R . X o~ ‘ ‘
¢. Increases the engine's rated horsepower
d. Aline the engine with\powes train g - oY
- 12. What is the primary function of the camshaft? . ’ ) ' R
. . : : /: _ ; .
a. Opens and closes the valves ¢. Opens the valves _
‘ . * b. CIdses the valves and pox"ts\ d.. Drives the accessories -
f y ' o
. - 3 . ° . LR } 9
413, What closes the exhaugt valves?. . - ) & - *
, . A/ $ '
’ ‘. . o~ T o @ Sl .
+ a. Camshaft ‘c. Cam lobes
o - - +b. Spring tension . ’ d. Pistons o : ) .
- . , ) » # « TN
14. Which engine may not have valves? ) ) _ ‘
ST ’ a. Gasaline o c. Four-stroke cycle . _ q A \ .
b. Diesel ' d. Two-stroke cycle : ' e "
15. How many degrees will a crankshaft rotate io complete one.stroke? ~ - ‘
. - ' - ’ Y ' -
a. 90 ;, ¢. 270 . . ’
b. 180 d. 360 : S - .
- ' . / ’ ”
16. In a four-stroke cycle engine, how many crankshaft revolutions are required to complete
_ one cycle? - ) , i . ) .
- . ) ' ' . . A Vo
. .:..C . d.“ 1 ) ' 'l Cc. 3 + ( * toe B
Fy b. 2 d. 4 ' . , . 8 -
‘ o, V R " ‘ - 'l::
W 17. In a four-stroke cycle engine, when both valves are closed, a piston that is moving up :
{ would be on the stroke. . : . .
po . ’ _‘ . 2
a. intake " S ' ' @. power . ,-

b. compression o . d. exhaust




L

T ) . - * . .
» - * - .
] " e
v 4 -
' ' 18. In atwo-stroke cycle ong'mc, how many crankshaft revolutions are required to complete
a cycle?
~
. f
a. 'l : M c. - 3. ’ !
b, 2 ; : Yo a, 4 -
i » . ' - -
19. Where is the fu€l strainer located? v
0 , a, In the fuel tank ' . o
. b. Between the tank and fuel pump °
c. Betwceen the pumd and the inlet manhold . -,
d. Between the inlet manifold and the injector unit N s
B 20. Which component of a gasoline engine fuel systgm meters 'Qe fuel and mixes it with air?
’ a, Fuel strainer ¢. Carburctor S
b. Fuel pump d. Wet type aidcleaner™ |
\//{ . . N " : )
. N 21, Which carbureltox circuit will stop the flow of fuel fram the fuel pump? . -
’ ’ a. Float R - c. High speed - b .
'b. Low speed <« ° ’ : d. Choke -
. - - -— ' Al ' '
22, Which carburetor circuit is used to increase the fuel in the air-fuel mixture?
. ! L »’ . .
a. Float . / ' c¢. High speed L T
b. Low speed : d. Choke ) . ' A
27, What are.the two types of spark ignition? .‘_ ( - L
/ a. Compression and electrical c. Battery—dist-ributor and magneto -
) L b. .Glow plug and compression . d. Magneto and glow plug .
- ¥
1 v
c 24, When a magnetic field moyes.across a conductor and produces a current, it is operating on
t;\e principle of " induction. . .
a. chemical c., self
b. electromagnetic o , v
- ' » .
. 25. What are the two most co on lubrication systems?" ' , -
a. Splash and force-feed c.* .Splash and bypass
' ' : b. Forcesfeed and full force-feed =~ d.. Full force-feed.and bypass
> 26, What is the purpose of a radiator pressure cap? - .
- - ¥
a. Decrease engine temperature c. Prevent water from splashing out -
b. Raise the boiling point of the water d. Cause the engine to warm up quicker .
e, _
27. What is the purpose of the fins"on an air cooled engine?
- A a. Lighten the endine - c. Retain engine heat . - .
~ b. ¢Strengthen the cylinder walls d. Provide more area for heat dissipation
b ' 28. WHat is the basic difference between gasoling and diesel engines?
- a. Coolig ’ . ¢. Lubrication ' “'j_,,'
b. Ignition d. .Number of strokes per cycle
. : . .
P 13. 29 ' , :
1sn 2; p., 3 . _ 7 : A N «x » °
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31,
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What type of fuel supply pump is used on the Detroit diesel engine?
™
a, Positive diaphragm ¢.” Nonpositive diaphragm
b. Positive displacement gear ; d, Nonpositive gear .
What component'of a series Tt Detroit diesel fuel system meters and spragys the fuel into
the cylinder?

a. Supply pump c. Injector unit "
b. Injection nofzle d, Injection pump

The amount of fuel delivered to a series 71 Detroit diesel engine cylinder i8 varied by ro-
tating the Co-
a. crankshaft, c. plunger.

b. camshaft. - d. control rack,

What type lubricating system is used on the‘series, 71 Detroit. diesel engine?(

»
>

’ a.. Splash"-' ) . c. Force-feed and full force-feed >
b. Splash and force-feed d., Full force-feed P

~

>
-

Total Points: 32 -
*x k%

r
LTINS




"W * /
’ ’ . i
' T UNITED STATES MARINE CORPS 13. 298
. l 4 ) ¢ MARINE CORPS INSTITUTE, MARINE BARRACKS
' BOX 1778
WAI_HINOTON. D.C. 20013 ,
J ) . t "_,_ .

MSIC)MINEER FQUIPMENT MECHANIC .
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S Power Train

STUDY ASSIGNMENT: MCI 13, 29e, Basic ErlgineervKﬁip_me.nt Mechanic, chap 3.

LESSON OBJECTIVE: Upon successful completion of thia lesson, ‘you-will be able to idéntify the

- . : ) components of h power train and the prmciples of its operation, - . ‘ ,
[ gt I ° -
. - . » e - !
WRITTEN ASSIGNMENT: P _ ~

-

A. - Multiple Choice: Select the ONE answer wﬁict\ BESlT' completes the statement or answers
the question, After the corresponding number on the answer sheet, blacken the appropriate
box, - . - . .

" Value: 1 point each - . ) :

v

1. What is the purpose of a clutch?

Y : . ' S 7

a, Stop the power-flow
b. Engage and disengage the power flow
c. Increase engine torque ) : )
-d. Provide a method of selecting gears
2, Cltches and brakes operate on the principle of - :
. - i . .
. a. friction and f\ea_t. : ¢, internal expansion.
b. contact and movement, d. pressure and friction.

3. What are the two friction principles of clutches?

\ a. Solid and fluid c. Engaged and disengaged
» b. Pressure and friction d. Mechanical and hydra'\‘xlic

© 4., What part of an engine clutch rotates with the engineé flywheel in both engaged and dls-
engaged positions?

~ ~ r

-~

a, Driven member c. Clutch shaft
b. Driving member d. Clutch disk . .- N

5. What type clutch has four or more friction surfaces?

a, Internal-expanding ) ¢, Platedisk '
. b, External—contracting _ d. Cone .
° . .
°6. Lubricants on the friction surface of a dry-type clutch will cause deterioratmn, excess ,
. heat, and )
a, grabbing, | ! | : - c. slipping, - . | '
. +b. crystallization, CoT o d. burring. . B
7. The term operating clutches refers to clutches, L ’
1 - . ——
o a, engine » c. attachment control . -
b. steering d, jaw N
. N - B
. P
Isn 3; p. 1 ) - .




- - . &
o " 8. On an engine clutch, where is the pilot. bearing usually located?
Al “
) a. In the transmission case s
b. At the clutch release yoke .
¢. .In the flywheel , / . - b
d. On the trangmission end of the clutch shaft . .
/ 3
9. What is the purpose of the"pﬂot bearing?
a. Reduce friction when the clutch is engaged )
b. Reduce friction when the clutch is 8isengaged
c. Reduce friction of the releaging linkage , ) “
d. Reduce friction created by transmission gears . (
10. Which statement concerning brake linings is TRUE? ' : .
- ' : Ly

a. The primary brake shoe lining is always the longer,
b. The primary brake shoe lining is usually the ghorter. -
c¢. The primary and secondary brake shoe linings are always® interchangeable,

1 @

11. A large gear driving a small gear will cause the small gear shaft to .
a. increase speed. c., decrease speed.

b. increasge torque, d. - rotate inthe same direction.
R \ .

12, What determines the gear ratio of two meshing gears?

a. Diameter of the gears c. Rpm of the gears
b. Number of teeth on the gears d. Directlon of gegr rotation

13. What type gears will resist reverse torque and change the direction of power flow? ’ v _ .

a, Bevel gear and pinion ' ¢, Reverse idler
b. Worm and gear d. Countershaft

14, How many rotating members are there in a planétary.gear system?

1 c. 3 N
b) 2 d. 4

- N

» - .
15. What type bearings are normally used to 'support heavy loads at high speed?
a. Antifriction. c. Buéhing ~
b, Sliding surface d. Babbit

o™

16. Which statement about bearings is INCORRECT?. -

a, All bearings are pre {cked with lubricant and sealed.
b. There are two general types of bearings..

¢, Antifriction bearings ordinarily give a warning before complete failure.
d. Bearing life depends upon Proper lubrication and cleanliness. '

o
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17. What type gears are used in the sliding spur gear tx'nnsl),li»ssion?

v - .
a. Helical spur ¢.  Straight spur )
h. Spiral bevel | d, Worm ! % ‘
’ ' i
18. . A torque converter operatey on the principle of
a. fluid friction, v ¢. mechanical linkage,
b, solid friction. o d. internal expansion. .
19, What is the purpose of a torque converter stator?
n. Decrease torque . c. -Resigt'engine power -
b. "Change direction of oil flow d. Act as a fluid coupling .o -
©20. What part of the.torquc converter makes it capable of torque multiplication? .
. P . . .
’ , . _ .
a. Pump ¢. Turbine " *
b. Stator ’
21, How many clutches are usged to control the torgmatic transmission planetary gear systems? '
R
. ’ »
a. 2 c. 4 .
b. 3 M d.. 5 . ) : . { \ '
. ’ . . A
22, PRower from the engine through the transmission is transmttted to the differential and ot
wheels by the . ‘ '
a. propeller shaft, . ¢. crankshaft. . . ‘
b. universal joint. d. camshaft. .
. R
23. The universal joint allows up.and down movement between~the propeller shaft and
a. wheels. ' c. frame: _ . _ _ o &
b. clutch. d. differential. . - .
24, 'The direction of power flow along the propeller shdft is changed 90° by the -
a. -’ (‘.lubch. Py i . ‘c. universal joint.
b. differentidal, . d. slip joint. ’ . _ N
25. On the MBS-lOO tractor, sp.eed fluctuation of the propeller shaft is prevented by use of a ,
universal-joint, o 5
y a. sliding joint - c. cdnstant-velocity . .
b. differential lock S d. double peduction . :
[ : '
14
' /
2 o . . .
- h A
' ' Total Points: 25 . |
. ks * % - ' ) .
. T, v - -
) . : )
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STUDY ASSIGJNME-N,T: MCI 13. 298¢, Basic Engineer Equipment Mechanic, .chap 4.

) .
LESSON OBJECTIVE: Upon successful completion of this lesson, .you wil] be able to idqntify the”

& principles of operation of vehicle hydraulic systems, compr'eaeor, .o,
electrical system, steering system and frames, 3
WRITTEN ASSIGNMENT: ..

*

A. Multiple Choice: Select the one answer which BEST completes the statement or answers the ~
quesdtion. After the corresponding number on the answer sheet, blacken the appropriate box.

[ .
»

Value 1 point eac{\ .

1.

How much force will & piston whose area in 5 aq in, have with a preuure of 20 pai

acting on {t? ,.‘ ] , .
a. 41b : c. 100 1b , .

-
¥

be201b* N . d. 5001b ' —
} / _\

What type pump 1s ‘most often used for a hydraulic system- in engineer equipment?

2.
"a. Positive diaphr;lgm.‘ c.” Bositive displacement gear
b. Non-positive diaphragm . d. Non-positivé displacement gear
3. What is the most important item of hydraulic system malntenance?
a. Cleanliness . c. Cantrol of heat
b. Proper pressure - d. Proper operation 4 .
4. What type f]uxd is used in a hydraulic system that provides attachment power?
\ a, Hydraulic brake fluid c. Transmission oil ,’-*' . '
b. Engine oil ) . d, Any liquid ) T,
5. When does the vehicle air compressor goveirnor function and direct the air pressure to
operate the unloading lever? .
*a. Before the air pressure in receiver reaches & preset PSI.
b. After the air pressure in receiver-reaches a preset PSI,
c. When atmospheric pressureis greater than receiver pressure. ‘
6. Hyd<ulic ofl pumps are rated according to volume of !mt in"
- - . . ’ . \ - “
a. feet per sécond. ' c. $I“On9 per thinute.
b, gallons per second. d.  gallons per hour .- »
7. To-direct fluids to the desired part of the hydra'ul!c system a " is'needed.
s, pressure relief valve c. directional control valve
b, pressure control valve d. ram cylinder i N .
1sn 4; p. 1 '
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<)




"'ﬁt'

-

. . .
. + St . ) . f‘

X
’ N ‘1 K
\ ”..'
1Y

. l .
< 8. What type air compressor is used to supply the airbrake systems of engineer equipment?
- ‘ » . a. Rotary ) L . c. Heavy-duty .
c . b. Reciprocating d. Air-cooled
N - ; . . ’
9. What is the force that causes electric current to flow? : k- !
) - . a. Amperage . - 1 c. Voltage .
b. Resistance LY R d. Inductance -
+ . 4 ) .
i 10, Current flo“.ring through a conductor will produce
a: heat and a magnetic field, . - c. heat and resistance. Co= i
\ b. heat and electrical gnergy. ’ d.” chemical energy and a magnetic field.
- ' 11, Which is NOT part of the charging circuit? i : .
A . ) . ] » . l . : .
a. Generator . - c¢. Conductor .
b4 Generator regulator - -d. Ohmme)er » . ‘ oy
12, Which converts mechanital-energy into electrical energy? X & :
. hY
N a. Battery :'_ At c. Stax"'t%r .
b. - Generator ~." ~d. BRegulatpr - . 3
. 13. 'Whj&\ three are required tomechanically produce an electric current? .
. ¢ . . ¥
4 . -
a. Generator, battery, and conductor T -
b. Generator, magnetic field, and conductor ’
c. Magnetic field, conductor, and brushes o v
v d.” Magnetic field, conductor, and movement .
14, What will PIQ;I; affect generator output?”’ , ’
; _ .
- a. Size of battery
b, Sttrength of magnetic field e , p
R \ c. Speed of arfiature . ‘ ;
" » d. Length of conductor passing through the magnetic field . : ﬁ .
15. What is the purpgesé of the generator regulator? - oL ‘;’ .
w, : T ; o
a. Control output and protect the generat& ' ~ e
b. Control generator output e
. c. Protect the generator .
Y . d. Control speed of generator ’ N . ‘
. ) . '
N 16. What does an ammeter measure? -
- . P .
. a. Voltage ¢ o b c. Current flow ) : i ..
b. Resistance d. Ohms :

17. What device converts electrical energy into mechanical energy?

. a. . Generator - c. Battery L,
b. Cranking motor _ ~d, Coil ! .
S - - .
\ '18. What is the purpos€ of a starter solenoid? :

a. Close the electrical cireuit and engage the starter drive assembly.
s ) b. Close_the charging circuit and charge the battery .

c Engage the starter drive assembly, -
d. 4 Turn the engine and control thé current flow.

- 7
13.29 f
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19,

20,

21,

22,

[ . .
W

To reduce the effects of rough terrain trangsmitted to the steering wheel,‘mcchgr:icnl -

steering systems often employ a - )
< .

a. rack and pinion. ?\ . ¢. hydraulic shock absorber.

b. worm and gear. :___) . (d' steering brake. A

B | - .

B

Some power Btéering syst%ns uge a double-acting hydraulic cylind'ér in place of part of
the mechanical system. Where {s this cylinder attached? )

a. To the steering gear assembly

b. Between the steered wheels

c. Between the drag link and the tie rod

d. "Between the f!:ame-and the steering linkage

.

" What supports the welght of vehicle trécks ag they are pulled across the top?

a. Sprocket ) c. Rollers
b. Idlers ' d. Drive chains

When you operate in loose soil, why should thé track-chainsg be loosened?

a. Bhtter shock absorbing " ¢. Prevent tracks from binding
b. Assist soil build up in tracks d. Prot&ct track rollers )
7 - ' L '
C . _
~ay ~ * . ‘ .
-
R Y .
- ~ - .
} ~ o’ \
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. "Total Points: 22 ot .
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